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aSSTBACT 

The results of three investigations into lajor 
influenees affecting vcven's participation and acbiaieaent in 
n them tics and ^elr preferences far ■atbeiatici^rclated careers are 
reported* The lajor cogxiitiTe, affective and educational influences 
are studied* Bajor social influences, including sex role itereotyping 
■atheaatlcs as a vale doiain, and petceived UMfulnesa of ftatheaatics 
for later life roles, are also discussed, ivldence related to 
bypothesw of biological .sources as ■ajor Influences of differences 
in ■atheBatical achieveaent are invettigated* fhe underlying theae of 
all three papers la the finding that seE differences in litheBatics 
achievMent, vhich are usually evident for the first tiae around 
grade 8 or 9, are largely a fun^ion of differential courit taking 
rather than any inability on the part cf vcien to learn ■athevatics* 
Ba them tics tests that do shov sex differences usually dc cot control 
for the nuaber of courses taken* Also, differences do net ippear to 
have a biological basis* (Author/BP) 
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The papers in this voliaine were funded by the 
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NIE PAPERS IN EDUCATION AND WORK 



The National Institute of Education was created by . 
Congrass in 1972 to help solve problems in American education. 
One of the institute's major program areas is education and 
work* As its name implies, .the Education and Work Group 
sponsors research on the nature of the relationship between 
schooling and work. It also davelops programs which aim at 
increasing the ability of youth and adults to choose, enter 
and progress in careers without regard to the barrierf: imposed 
by sex or race on career aspirations. In order to further 
professional understanding of these research and development 
acitivities, the Education and Work group publishes a report 
series, NIE Papers in Eaucation and Work. The following titles 
have been selected for publication; other titles are forth^ 
comings 

1- The Developmen t of Career Awareness in Young Childre n, by 
Aimee Dorr Leifer and Gerald S. Lesser of the Center for 
Research in Children's Television, Harvard Graduate School 
of Education. 

2. Facilities Han dbook for Career Education . By William B. 
^ Gill and Ann W, Luke of System Development Corporation. 

3. Sex Digcrimina tlQn in the Saleetion of School District 
AdmlnlH^ratorBi What Can be-Dona ?. by Doris M. Timpano of 
Career Women in Education and Louise W. Knight, 

4* Entitle ment Papers , edited by Norman D, Kurland, New York " 
State Department of Education , 

5 * Education and Job Sat^ ^f a ction i A Questionable Pavoff , 
by RQbert P* Quinn and Martha S. Baldi de Mandilovltch/ 
Survey Research Center ^ The University of Michigan* 

6^ Paid Ed ucational Leava I A Practical Wav To Relate Worl^ 
and Education an d An Effective Way To Implefnent Life Long 
Learning, by ,^erbert Levine, Director of the Labor Education 
Center, Rutgers University, 

T * Tha Care er Inter n Proor ami Final Report (two volumes i 
Vol- An Experinent in C areer Educatio n That Wo rked; 

Vol, 11/ Tedinlcal Appendices . 

8* Wom^n and Mathem^ ^si Research Perspectives for Change , 
by Lynn H, Fox, Elizabeth Fennema and Julia Sherman* 
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9. Industry /E ducati on CoOTnunltv Councils (Available fall, 
1977^ . 7 " 

10* Sex-^Falr I nterBs-^ Measurements Resaarch and Iipplleatione. 
edited by Carol Kahr Tittle and Donald Zytov^ski 
(Available fall. 1977), 

11, National DebatQ About Assertions on Career EducatiQn 
. (Available fall/ 1977)/ 

12. Home-Based Career Education (Available fall/ 1977) , 



OTHER EDUCATION AND WORK GROUP PUBt^ICATIONS 

1 * Education and Work Groupg Fiscal Year 1977/1978 Program 



2. Directions in Career Edu cations Answers to Quaatlong 
People Ask About Education and Work (Available fall, 1977) • 

3. Guidelines for Assessment of Sex Bias 'and Sex F airness in 
Career Interest Inventories^ 

4. The Commimltv Is. the Teacherr Experifnce-Based Career 
Education , 

5 • A Comparison o f Four E xperience-Baead Career Education 
Programs , 



6^ Directory of Unde rgradufi ^e External Degree Programa i n tha United 
States - 1977 (Available fall, 1977)* ^ 



Single copies of all the above documents are available at 

no cost from the Education and Work Group, National Institute 

of Education, U. S* Department of Health, Education and 

Welfare, Washington, D. Cp 20208^ The postal cards at 

the back of this book may be used for ordering publications* 
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Why is Nil Btud vlnq the area of women and mathematics ? 

Thm Education and Work Group of the National Institute of 
Edueation has devsloped a prograin in theL^^^ea of women and 
matheinatics as a strategy to increase the educational and 
occupational choices of wm&n, which in comparison to the 
options chosen by men# are typically restricted to a narrow 
range of service and professional occupations, such as secre- 
tary, nurse, librarian, and teacher. For example, in 1973,. 
40% of all women workers were in ,ten occupations and about one- 
half were in occupations which were more than 70* female. Men's 
occupational choices are typically much more diverse. This 
concentration of women Into a few narrow occupations is termed 
occ^ational segregation by sex* a problem that the Education 
and Work Group is seeking to reduce by several different 
strategies. The women and mathematics program is one such 
strategy. 

Several researchers, notably Lucy Sells and Nancy Kreinberg,. 
have identified matheinatics as a critical skill directly 
related to educational and occupational choices. Mathematical 
eon^etenee is useful for admission to many colleges and most 
professional occupations, in both technical and non-technical 
fields^ Many non-college occupations also demand mathematical 
coi^etence. Most of the Mthematics-- related fields, such as 
engineering, statistics, computer science, physics, navigation 
and actuarial science tend to*be male-dominated and high paying. 
Yet current enrollment figures show that fewer women than men 
choose to stu<^ mathematics beyond the minimal school require- 
mwts^ Thus women preclude themselves from altering occupations 
reqtilrlng some mathematical competence, which contributes to 
further occupational segregation by sex. Differences between 
men and women in their study of mathematics persist despite 
the fact that current research indicates that there are no 
significant differences in their Achievement in mathemfctlca 
before the seventh or eighth grades. 
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How ^do the thrae Papers in this volume contribut e to the w omen 
and mathernatics program ? 

< ^ 

In order to plan for research in the ac^ea of women and mathe-- 
matics, NIE asked three researchers--^Dr- Elizabeth Fennema, 
University ©f Wisconsin-Madison, Dr. Julia Sherman, Women's 
Research Institute, and Dr. Lynn Fox,- Johns Hopkins University" 
to investigate what wa's known about the major influences 
affecting women's participation and achievement in mathematics 
Mid their preferences ,for mathematics-related careers* Itie 
results of their investigations ' are included in this volnnne. 
As can be seen in the brief biographical sketches of these 
researchers, also included in this volume* each researcher 
brought a unique perspective and set .of talents to her task. 

Their assignment was to investigate current research to locate 
major influences on girls' achieyement and participation in 
mathematics. Why don't girls choose to study nathematics more 
oftiwi'? What are the major personal, psychological and social 
influences affecting their choices? The three papers ^were based 
on three different perspecti'^^es * Fennema chose to study the 
major cognitive ^ affective and educational influences, relying 
extensively on her own current research which was sponsored 
by a grant from the National Science^ Foundation, Major social 
influences/ including sex role stereotyping rtiathematics as a 
m^le domain, and perceived usefulness of majthematics for later 
life roles / Was the subject of Fox who drew on her .^wn experience 
with mathematically talented girls. Sherman investigated 
evidence related to hypotheses of biological sources as major 
influencers of differences in mathematics achieveinent * Each 
of these papers included scholarly, analytical reviews of 
the most current research available accompanied by a detailed 
annotated bibliography, also included in this volume* Based 
on their reviews and their o\m unique es^eriences, each^ author 
wove existing information into reconmiendationa for,^new direcr 
tions of research in the area of women and nathematics* 

Ihese thre# papers have served as the foundation for planning 
the women and mathematics program. They served as the focal 
point for a national planning conference in area of women and 
mathematics. Both the papera and the conference contributed 
heavily to the development of a research, grants program f or - 
fiscal years 19 78 and 19 79, The p^apers Jav^ *l*eadr^^en 
^Lisa^m in a t ed r to "hmdr e ds of interested people who have heard 
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of the woman and raathematics program through a recent article 
in TltnA Magazine (March 14, 19^17), through prasentations at 
national 'conventions, and through NIE*s, ovm announcements of 
funding opportunities, , t 

Whmt did we learn from these three papers? 

mim imderlying theme of all tfcree papers is the finaing^^at ^ 
sex differences in mathematics achievement, which are usually ^ 
evident for the first time around grade 8 or 9, are largely s 
funetion of differential course taking rather than any inability 
on the part of women to learn mathematics. Mathematics tests 
that do show sex differences usually do not control for the 
n\OTber of courses^ taken so that when 17-year-eld toys are 
compared to 17-year-old girls the comparison, is actually between 
students with 3-4 years of mathematics and those with 1^2 
years of mathematics. Fennema contends that if girls' enroll- 
mant in mathematics could be increased, most of the differences 
in achievement could be eliminated. On this topic, ^ Fox remarks 
that "Although sex differences in course^taking may not explain 
all the observed differences on tests of achievement and aptitude, 
course-taking clearly contributes heavily to sex differences 
in both achievOTent and adult career options*'* 

Sex differences in mathematics, achievement, when they dp occur, 
do not appear to be linked to biological differences, indicates 
Sh#rinan, She proposes one hypothesis after . another—sex 
related differences in Level of serum urate, effects of estrogens, 
X-linked characteristics, inheritance of spatial visualization 
and problefi^sorving abilities, earlier left cerebral dominance 
in females—and examines the evidence under each hypothesis 
with a critical eyfc* She determines that for most hyTpo theses, 
the evidence was weak or non-^existant , Only one hJ^othesiS" 
earlier left cerebral dominance in females—had much supporting ^ 
evidence, Sherman explains that this early reliance on left 
cerebral functions which are linked to verbal, analytical modes 
of learning could lead to a preference or reliance on verbal 
learning rather than spatial=gestalt learning associated with 
the right half of the brain. Such a preference for verbal 
learning might hamper mathematical learning, which has a strong 
spatial -visual component • A^the same time, Sherman suggests 
that spatial learning might enhanced by training and she 
sugg_#mts -further research in this area* 



Pennema also notes the importance of the ability to visualize 
spatially as one of the most salient TOgnltive factors related 
to sex differences in matheitotics achievement. ^ She notes that 
current evidence suggests male^uperiority on tests of spatial 
visualiiation, beginning during adolescence, the same time 

^ when differences in mathematics achievement begin to em.etge. 
Fennema also notes that current attitudes and values of eitu- 
dents, their parents and teachers may also affect women's 
participation and achievement in mathematics. One important 
attitude is the stereotyping of mathematics as a male domain. 
For example, boys are expected to perform better than girls 
in mathematics and fathers are consulted more often than * 
iTOthers for help with homework in mathematics- Because many 
girls perceive mathematics as a male subject, they are less 
motivated to excel in mathematics. . Achievement in mathematics 
is generally not expected nor reinforced for girls. Another 
important attitude that shows some relation to sex differences 
in mathematics is confidence i^ one»s ability to achieve. When 
boys fall in mathematics they say didn*t try hard enough.** 
When girls fail thmf say ''Im not good^ft math.''\ Sex differences 
also occur in the perceived usefulness of nmthematics to 

. future adult rples . Girls don*t see the usefulness of mathe- 
matics to their future roles as.* wives and mothers.- Boys are 
more likely to see its usefulness for "future careers. \^harac- 
tetistics of teachers, instruction and school organization 
also play a role in women *s participation and achievement in 
mathematics,, as Fenneina explains in her papes. 

Fox suimnarlges the major social influences related to seoc 
differences in mathematics achievement. In addition to some 
of the attitude differences described in Fennema's paper. Fox 
notes a difference between boys' and girls' career orientation. 
Girls more often than bbys perceive # role conflict between 
family and work roles; girls are less career-oriented than boys. 
Qlrls seem t<r be less interested in math-related careers, and 
they ^re less knowledgeable than boys about the relevtoce of 
mathematics to a variety of careers. Thf most important people 
influencing girls', participatlbn in* mathematics are jparentsr 
lass Influerfkial are teachers and counselors. Parents tend 
to sex-type mathematics and are less likely to notice and 
encourage mathematic^ talent in females. Schools tend to 
reinforce these soci4l expectations. Fox also observes that 
media and textbooks, even math texts, tend to re^force tradi- 
tional sex-role stereotypes. She also^ notes the lack of 
career education programs and counseling se^rvices aimed at the 
special needs of women students. . ^ " 



yhat did the ^three pap'ers reconmiend for new research ? 



In h©r reconmendations for further research, Sherman stresses 
the need for broad-baaed research on the cognitive develophient 
of females* Noting a lack of studies using female subjects^ 
she urges investigators to include both sexes and to report 
findings by sex, Eennama recommends interdisciplinary research 
teams of scholars and practitioners . longitudinal studies, 
and studies that are Interrelated rather than independent. 
Funded studies should investigate the major variables related 
to females* decisions' to study or not study mathematics, the 
scope of the problem nationwide with special populations of 
women, differences in types of mathematics courses taHen 
by the sexes, and the differential reinforcement by teachers 
according to the sex of the student. In addition, some studies 
should analyze the relationships between verbal, visual, and 
mathematical skills. 

Fox recommends that intervention programs aimed at increasing 
girls* participation in mathematics should be evaluated to 
identify successful components, such as female role models, 
non-sexist counseling^ career education programs, grouping by 
ability or interest, and a variety of ihstructional modes. 
Ifiterventions aimed at students should be compared to those 
aimed at parents or teachers.. She also recommends that funded 
studies use uniform pre- and post-test measures and stresses 
the need for longitudinal studies. Also needed are studies 
on the development of career interests and aspirations, the- 
development of attitudes characterizing mathematics as a • 
male domain, and the development of math anxiety and low ; 
confidence in mathematics ability • 

l€ is evident from these recommendation that much research ks ' 
needed to"^ understand the complex nature of influences affect- 
ting girls' participation and achievement in mathematics anfi 
to identify those strategies that work best at expanding thi 
range of educational and occupational options considered by ' 



What ara *Rie future activities of the women and mathematics 
program ? \ . 

The women and mathematics prcigram sponsored a qrants 
competition for two-year research studies beginning in fall, 
1977* These studies will investigate the major factors 
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•affaeting woman's partleipation and achievement in ^mathematics' 
in gradea 7 through 12 and will Identify how adiication can 
inerease women perceived occupmtjonal and educational 
oliol^es. During the two years of funding, NIB will facilitate 
cooperative efforts and exchange of Information among the 
funded researchers' and others working in this area. The 
twO'-year grants program will be followed by a year of analysis, 
synthesis and dissemination during which researchers and 
practitioners will develop guidelines for buildi^ effecti1?e 
intervention strategies for increasing wom#n's awareness of 
the importance of matheirotlcs for future educational and 
occupational choices. 



Judith Sauls « Shoemaker, Pfc.D. 
Program Officer 
4. Education and Work Group 

National Institute of Education 
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irttis tha tJ* S. Office of Education* She continued her education 
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Ellubath Fannama's Matheimtics Learningfi What Research Savs 
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Council of Taaeharg .of MathOTiatk^ and i^ha ^erican Educational 
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Human Sexuality . Pereentua l and Metier Skills^ P^vchbloqiaal 
R^view\ The Arithm atie Teacher and Amtrlgm IffUg^tJrOn^l RfSgarch 
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MATHEMATICS PARTICIPATION^ AND ACHIEVEMENT 



Uynn H. Fox* 
Assistant Pfoftssof of Education 
and Project Assbclates of tha 
Intenectuiny-Glfted Child Study Sroup 
Evening ColTtge and Sunmer Session - 
The Johns Hopf^lns University 
. Balt'lmore, Maryland 21218 



Although males and fmales do not appear to differ on 
measures of general Intelligence, sex differences on tests / 
of itiathematlcal achievement are repeatedly found \1n adolescent / ' ' 
and adult populations (Aiken . 1976i Anastasi, 19Sli Astln, 1974a^ 
Fennema, 1974a; Fox, 1975ai 1975bi Maccoby and Jacklla, 197l). 
Dwyer (1976) has suggested that the tests such as the Scholastic 
Aptitude Test-Mathematics (SAT-M) may be biased agllnst females 
due to artifacts of test- Item construction and selection. Atso, 
the question of differential aptitude is difficult 'to tesearcH . 
bfcausi of the limitations of measurement tools and the overlap 
anong miasures of aptitude and achlevanent. 

I ■ ' 

. Fennema and Shennan (1976) suggest that therf may ise no real • ' 
differtnces In aptitude at all and that sex dlffeirences on measures 
of aptitude. and achievement reported In much of the literature may h ^ 
be the result of a failure to control for differential course- 
taking. Large sex differences have been, found in favor of males, 
hoiifiyer, among gifted students on the Scholastic Aptitude Test- 
Matheifatlcs (SAT-M) as earV as grade seven (Astin, 1 974a r Fox, 
1975»), These sex differences can not be explaffled in terms of 
dlffereiftlal course-taking. It is, however, posslbTe that diff er- 
entlal exposure to matheraatlcaT games and activities outside of 
school accounts for some pf the performance differences (Fox, 
.197SM 1975b). 

4. '■ ■ ^ • ' . 

I wish to thank Project Associates Linda Brody and Dianne Tobin, 
for their help In researching materials and editing the final 
draft of this paper. ^ thanks also go to Use Harrop and 
AneTIa Benson who showed great patience and ej^ert t^ihg, cofrectlng 
and. editing of the various drafts and the finished version of this 



Th€ fact that far fawer wom@n..than men pursue carters In 
matKeenatlcil and scientific areas and achieve lower scores on 
tests. of aptitude and achlevanent In these areas has, until 
recentlyf been accepted as a natural consequence of innate sex 
differences In aptitude for those fields. Stafford {Xi7Z) and 
Page (1976) have suggested a sex-linked hereditary hypothesis. 
A rival hypothesis of merit Is that sex differences In mathemattcil 
ap tlttiriP In aHnlpjSRpnts and adults are a result of loelal factors 
(Aiken, 1976; Astin, 1974ai Fox, 1975bi 1976ai 1976b). 

Whether or not one believes that there are sex differences In 
aptitude, one must accept the fact that 'there are great sex diff- 
erences at the higher levels of achlevenient In mathematics that 
cannot be explained In terms of differential aptitude alone 
(Anastasi, 1974). Many females who do appear to have the aptitude 
do not take the advanced courses (Ernest, 1 976 i Fox, 1974a; 1974b; 
1976c; Haven, 1972; Sells. 1976). Farley (1968) has suggested 
that perhaps there would be no sex differences In mathMi&tlcs _ 
achlevenent If course-taking was not optional In the high school' 
years. Sells (1976) says that avoidance of high school mathe- 
matics courses, not ability, 1s the critical filter that keeps 
Momen out of many career areas Ijncluding, but not only, those In 
pure or applied science and mathematics. 

The prlnrary focus on this paper Is on understanding factors 
related to sex differences In Mthematlcs achievement with parti- 
cular attention to course-taking. Such a focus excludes* an in- 
depth treatment of the process of general socialization 'and child- 
rearing practices. Some studies purporting to assess socialization 
Influences on aptitude rather than achlevment and course-taking 
have been Included. By and large, the research has Ignored social 
class and racial or ethnic variables. The interpfetation and 
integration of the research literature has also been limited by 
problems of definitions of terms and dlff^eeiit Assumptions about 
the process of socialization and the meaning of sek-'pole Identic. 

Tht ptrception of tha ustfulness of iMthimitltfs-fer futinrt 
idUcational and cdratr plans and tHi support or laek @f support 
from signlf leant othirs apptar to bt thi major faetori aisooiatid 
with wonitn/s diclslons to ilact or not tltct advanetd courits In 
mathematles* These factors ara In turn InfloJinctd by tht sttrto- 
typt of matHamatlcs as a male domain^ Otntrfaetors assoelattd with 
coursi-takfng and achlevment are attltudti towards mathemit1os»^ 
fetllngs of silf-eonfldenee, and values. Ctrtaln tdueatlonal 
policies and practices tend to reinforce stx-rolt stertotypts 
while some praeilcis may promote greater course-taking and 
achleviment^ ' 



Thus* the orgittlzation of the research reported In tlie body 
of this paper Is as follows: 

1. Ptrctptlons of the Carter Rel evince of Mithemttlcs 

2. The Influences of Significant Others 

3. The Perception of Mathemttlcs as a Malti Domain 

4. Attitudes, Self -Confidence and Values 

5. Educational Policies and Practices 



Some redundancy of topics from section to section appeared 
unavoidable. Omissions of some relevant research has also, 
undoubtedly, occurred. The research reported also varies In 
quality and sorre Important questions rertain unanswered. For 
the jnost part, however, the research studies were rather remat-kably 
consistent 1n support of the premise that sex differences In 
mtthemat'tcs achievement results, at least In part, from social 
Influence. ' 

/ • , '-7' . - ' 

1 . : Perceptlbns of the Career Relevante of Mathematics 

One reason^hy many females do not achieve their full potential 
In mathematics Is that they simply fall-to elect to take the 
advanced courses -In the secondary school * For some this decision 
nay occur as early as grade seven wHert Algebra I becomes an 
optional course for the eighth grade. In many school systems, 
tM years of high school mathematics are all that Is required. 
Even females who elect a college preparatory program In hlgh'^,^ 
school are not ^pIcalTy required to take Calculus, Several 
studies Indicate that fwnales, even those who are cbnege bound, 
elect not to tate the advanced mathematics courses because they 
do not perceive them as useful to their future educational and 
career plans. ' 

Course-teking and Achievement 

Haven (1971) found that the two most significant predictors 
of taking courses In mathematics fn high ichool ^or above-averagef 
ablf^lty girls were the perception of the^^iisefulness of mathMnt1q& 
for future educational and career goal sf and greater Interest In 
natural sciences than the social' Sciences. Sherman and FenneiM / 
(1*76) also found that course-taking In high schpol was related/to 
the perception Qf thi usefulness of mathanatlcs. In a study of 
wonwn mathematicians, Luchlns (1976) found early career comnltojent 
among a third of the group. Almost all of the mathematicians had 
felt a strong Intefest In mathematics before entering college 
and a third, before age 11. 



Ftnniina and Shirman (1976) found significant sex diffirenoes 
on achievtment tests in two high schools where there were. also' 
significant sex dlfferencis 1n the perceived useful ness^ of pi the- 
fnatlcs, but no such differences in achievement In the tvfe h*oh 
schools where there were no differences fh the perceived useful ';«ss 
of mathematics. Hilton and Berglund {1971) also found signiyican-; 
sex differences In the perceived usefulness of mathematics l^^rades 
nine and eleven. They also reported a significant relationshHp ^ 
bitweeft the Increase in sex differences on ach1evenTenr^ini"^r''VH, 
perceptions of the usefulness of mathematics for earning a living. 
Fox (1975c) found significant se% differences In the^^percelved 
usefulness of irathematlcs in a study of gifted seventh and eighth 
graders. There were fclso significant sex differences 'on measures 
of aptitude and career interests in the population. Al though" the 
pfifceived usefulness of mathematics was not significantly related 
Agjo the expressed willingness to accelerate In mathematics for the 
sample studied, it maybe related to their future willingness to 
take advanced courses. Hilton and Berglund (1971) concluded that 
sex differences in the perception of the usefulness of mathematics 
resulted from the sex-typing of mathematics and careers. \^ 

The perceived usefulness of mathematics appears to be different 
for boys and girls for three related reasons. First, girls are 
less oriented to careers other than homemiker than boys. Second, 
girls who express career interests are more likely to be interested 
in fields other than mtthematics and science thi>i boys. Third, 
girls who are interested In careers in business , nursing,' education 
and the social sciences, etc., are likely to be unaware of the rele- 
vance of mftthematlcs and science to these professions. Sex differences 
In mathematics achievement are rarely found in elementary school 
populittons. If cours"es were optional 1n those years, perhaps sex 
, differences would be found sooner.- 



Career Orientation 

Sex differences In career Interests are found as early as 
kindergarten and first grade (Looft, 197h Schlossberg and Soodman, 
1972). In onestudy, girls and boys were asked to describe h typical 
day in their life as an adult. Even the girls who had initially 
indicated a career goal other than homemaking described their 
typical day afc being sperft as a wife or mother, rather than at a 
ibb outside the home .(Iglitzen, 1972, 1973). In a 1976 study of 
national merit scholars, sex was the single best predictor of 
career aspirations (Ory and Helf rich, 1976). 

In an article entitled "Women in Sciences Why so Few", Rossi 
(1965a)-*peettTat¥d that It is the belief that marriage aftd careers 
are not really compatible for women that lies behind girls' vacilla- 
tion between the pursuit of social popularity (the perceived road 
to a successful marriage) and excellence in scholarship (the per- ' 
ceived road to a successful career). Astin (1974b) concluded that 
if a woman anticipates a-confl1ct between the homemaking role and a 
career, she is., likely to forego the career. Ory and Heifrlch (1976) 
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foyyind that ftmaUs who held non-traditional sex-ro1e sterao^pes 
* Were more Tikely to desire professional caretrs than thos« who 
htid traditionai views of sex-roles. 

anith (1976) askid gffls what thBy psrcslyed as barriers 
to carttr plans; ovtr half the rispondanti llsttd the following 
barrlirsi first, a long ttrm commlttiint to a carter Interfarts 
with raiding a family; spconri» wmiiOM^iLAesi^Mfl^ 
thus earttr mobility btcaust they must adjust their careers so as 
not to Inter^fere with their husbands' success; and third, a 
strong career commltmtnt would Interfere with a happy marriage. 

It Is interesting to note that the gifted man 1n Tarman's 
longitudinal study of genius who were married actually reportid 
thttr grtatist Tife satisfaction was derived from their family, 
followed by their .Areer* The majority of these men were pro- 
ftsslonijij^ many In science areas (Odan, 1968 ; Sears, 1976), 
Ptrhaps IB need to make this finding known and see If Is 
replicaitea^ other samples. Clearly, the fact that these men 
ga^nM their greatest satisfaction from the family did not Inhibit 
their ^uccess In their careers (Sears, 1976; Oden, 1968)* A 
ftrHow^ip study 0^ gifted women 1n Terman's sample found 
that the women who had^ careers derived great satisfaction from 
them, whether or hot th^ had families (Stars and Barbe, 1975)* 
Yet, the j^fevalllng rnyth Is that, while women may work outside 
the home, full-fledged career will detract from their family 
life andi thus, their total fulfinment, 

Hawlty (1971 1 1972) and Astin (1974b) concluded that marriage 
was the primary goal of most woman, and If they do elect a career, 
it Is bastd on wha^ they fee> men can tolerate. Astin (1974b) 
finds that whl1\e nusbanBt of career women may be tolerant or 
y weft typpoft1ve\of their wives r professional men In general hold 
T ne|at1yt attitudes towards woritn wh^ try to fulfill the dual folt 
of cai^tr woman a^d homemaktr. Entwisle and Greenberger (1972) 
concluded thM pee^^ especially male peers, exert considerable 
pressure on adbltsifi^ girl occupational aspirations^ ^hlte 
middle-class adolescent malts were the rost conservative In 
this res pec t« Although black adolesctnts^-were more liberal than ^ 
Whites, they are hot strongly 1n favor, of leaderihtp positions 
for women. It Is inttrestlng that so many malts ptrctlve 
conflict "bttwttn family and career rtsponslbllltlts for womtn, 
but not mtn* / ^ 

Astin t1976b)^^f eluded that thert was llttlt rtstarch tvldenct 
on how and why differences exist between women who decide to work 
md those who do not^ One noteworfhy differinct that has been 
found rtptatedly Is^/thut^ girls who persist In career Interests 
from high school tft^^Wutth^od are likely to score higher on 
mathmatlcal aptitude ttst^Jhan Itss carter oriented girls 
. (Astin, 1968; Astin, 1974ai^st1n and Mylnt, 1971). This 
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suggtsts that autonomy and Independence are associated with both 
CAreet- intefest and mathematical competence./ (Additional support 
for this hypothesis is discussed in the sections on parental 
factors.) .. , ^ 

Although Astin (1974b) concluded that there was a paucity of 
good research on sex role identification and early socialliaffofi 
.™Aa._calftt!ii to caceer .chQlce*--thfire.^rfi. a few. interesting..*^ tlo^^ 
ships and trends suggested by the literature. Presumably, women 
pattern their career expectations after the women they see. 
Girls see their mothers staying home and their fathers going to 
work (Rossi, 1965b). Lack of appropriate role models for girls 
limits their career choices (Lipman-Blumen, Tf75). Astin, 
Harwify and McNaiwra (1976) speculated that many young girls may 
be thinking about a career, but they have no experiences to help 
them know what is involved In the role of. the career woman, so 
they focus Instead on the female roles of wife and mother with 
wh'lch they are familiar. Women who go on to graduate school are 
likely to have had working mothers. Astin (1969 j 1974bj con- 
cluded that either Identification with the father, or a working 
mother are factors that influence a girl's career orientation. 
Girls who perceive their primary future role as wife and mother 
are certainly not likely to see advanced mathematics courses ' 
as relevant to this goal; 



Career Interest In Ma ', hemat1cs and Science ' < 

If role conflict and a'bsenee of models are major barriers to 
development of career interests in general, they are evert- greater 
barriers to the development of career Interests In mathematics 
or scientific fields. Professional careers in the sciences and 
mathenratics are perceived as too demanding for women. who wish to 
combine a family and a career. Many scientific careers .require 
long years of ^ training and do not lend themselves to interruption 
during the child bearing years (Rossi, 1965a). , Rossi (1965b) 
found that female college graduates believe that vramen do not 
select careers In mediclni, science, and engineering because ttmy • 
believe that these fields do not offer part-time or Intermittent 
work. Astin (1969) found that college women in generil do not 
pursue graduate training. Thus, they avoid careers In law, medi- 
cine, and science that require advanced degrees. Prediger, - ' 
McClure and -Noeth (1976) found that ninth and twelfth grade . 
girls expressed doubts aboflt the feasibility of combining family 
life wltff a career in science.. Although they lacked Information 
about specific stips in preparing for a science career, they did 
believe that the preparatlion would be long and difficult. Even 
mathematlcany gifted seventh and eighth graders differ drastically 
from boys With respect to Interest in , careers In Mathematics and 
science (Fox, 1974bi 197Sdi Fox and Denhim, 1974). Fox, Pasternak, 
and Pel ser (1976), however, did f1nd„that gifted seventh grade 
girls ane more likely to be interested in science and mathematics 
careers than are average ability female adolescents. 



Tht absince of role modtls arrdtht pfestnce of negative 
s^fio^ts apptar to earitrlbutt.to thtnack of Inttreit in 
S|1tntif1c eartifi, Luchlns (1976) rep@rti that the stertotype 
or tht Mtht^tlelan. Is a person who can only conmunlcate wltn 
othtr mathmatl elans. Unfortunateiyi this stereotype Is rein* 
fofctd by tht isolation of research mathematicians, Thty ars not 
highly vlilblt to the general public^ A study by Mtad and Metraux 
tt^if /found that the compos tte linagr of the sete^ 
adolisetnts was of a ptrson who was Intelligent and dedicated, 
but whoit work was dull and who neglected family and other Int^ests 
Ahlgrtn and Walbtrg (1973) also found the sttreotype of scientists 
bo bt rmott and unsocial for high, school students In physics 
classis. These negative stereotypes are hardly inspiring to 
•dolesctnt girls who bellive that marriage and family T1fe 
fife Ijnportant.. 

Plott and Rosen (1974) found that eighth grade students exposed 
to a slide- tape presentation depicting men and women In ^o prt-^ ^ 
viously unfamiliar occupations In the computer science field 
prtftrrtd the one depicted by the like-sex model * The effect of 
like-stx model was significantly more potent for girls than / 
boys. Males anti females alike tended* however, to assign more 
prtstlglous characteristics 'to the occupation depicted by the male, 
1^ €eems to raise the queltlon, not analyi^ by the authors , 
irtielher'^e girts prefer the occupation because they Identified 
With the fmale roli modelt or because of the lower status thty 
asi^gnM th|t occupation by vfrtue of the female n^eU The 
^tudlnti were simply asked to express a preference for one of the^ 
two occupations depicted, both of wMch were within the general 
coiqpiutir area. Whether or not the students were serious ry 
interested In the careers depicted Is not known i 

: Lantz, West and Elliott (1976) reviewed projects funded by 
the National Science Foundation des1|ned to Increase the. par tlcl- 
petlon of girls In mathematics and saiencet tnd concluded that 
rolt models appeared to be the most effective component of some 
of the pro4tcts. In a project designed to recruit wdmen to 
Mglneiflng careers, Leonard, Fe1n» Fre1m» knd Fein (1976) found 
that the female rolf models who lived with the freshwmen 1n^ 
their dormttorfes may have helped reduce the feeing of dlserlm- 
Inatlofi towards ffm In engineering that the students felt at 
the Jb^lnirlng of the program, Thompson (1976) felt that seeing 
tmm in these kln^s of, JobsLmade the girls pre potltlve 
t^rrig majarlng In^elentlfle armi. Levlne (1 9m) Interviewed 
fenati flwtheinatlclans and cited several Instances where thti 
iwsmin' MntWniN filial e role models as being Important In their 
decision to can tinue studying mathematics. Smith (1976) reported 
tMit jralt models helped reduce the perceived conflict be^een 
partrttjtodd and careers, 'Casserly (1975) found that girls who 
hadF an apprenticeship In a museimi with a doctoral student 
became extraitly enthusiastic about science. They reportedi 



"We wtft junior partners in her quest." Luchins (1976) reportid 
that a woman mathamatlcian felt that fncouragemint from a fimalt 
fn&thaiatlei profissor had meant a great deal to her. Luchins 
syggestid that women are.not aware of female mathematicians who 
have "made It" i and that books on the history of mathematics 
should pay more attention to female mathematicians* ^ 

— — It +§ not passible to say how lasting the tii^luance of a^^^ ^^^^ 
short-term contract with one 6r more salient role-models will 
be, Carttr education models which do not employ live role- 
modtTs appear to be less effective than those that do. Predlger, 
HcCltirey and Noeth (1976) sent Information tp twelfth grade women 
aboiA programs In science and technolpgy at colleges chosen by 
the ittidents, A booklet depicting women in Interesting caretrs 
In fblence and technology was also enclosed, this program was/ 
notjfound to be successful In Increasing the students' Inttrest 
In such careers or majors. Predlger et al. (1976) ^also experl" 
meniid with a nQn-sexIst Interest Inventory supplemented with 
group discussions of career planning In general » and science and 
ttehnology In par^lcularp with nifith-grade girls* This form of 
Intervention waa also not successful In changing career Interests, 

fhert Is a clear heed for more research on career education 
pro&rim, models for women* Personal conwnuni cations from Predlgtr 
stated ^hat the failure of the two career Intervention attempts 
ma> have b^^a In part because ninth and twelfth grade 1s too late, 
for effective Intervention* The precise age at which Intjarventlon 
Is necessary 1i°;clifficult to assess. Even kindergarten chil- 
dren have stere&^ed perceptions of women's work (Schjofiberg and 
Goodman* 1972). ra^lfl views are continuously ralnforegd through- 
out the school years* Perhaps career awareness programs should 
begin in the early elementary school years, followed by more 
Intensive programs in the middle and high school years* 



Knowledge About Careers . 

Fennema:4nd Sherman (1976) have suggested that girts are 
untward of tM relevance of mathematics to many career areas 
other than purely scientific ones. Anecdotal accoun^ts support 
this view* More systematic study of this question ieems wtrrantid 
In a pilot study of career awareness and mathematical skill 
fifth and sixth grade bpys and girls seemed ttf be 'relatlyely- 
nalve^about the uses of mathematics* After exposure to a program 
that emphaslied^ the applications of mathematlcr to art and social 
problems the girls became consldemWy more positive abou^chool, 
^%ported liking mathematics moref and showed some Increaled % 
Interest In scientific careers (FoxpM976d)* A somewhat dlffei^t 
but related mathematics program is now being tested for college ^' 
students at Welltsley (ScHafer, 1976). The resuTts of this 
approach will be Interesting. ' 



ntowlidgi about tht appllMtlons of mathimitlQS to>ii1 llfi 
Is sortiy lacMflS In most mtth«Mtl€S eurrlcuU* Worit pfoblais 
In algebft, for axafflp1t» that dial With rowing boats up and down 
%trmm or draining vats with dlfftrint si ltd pipes are not very 
rtlevvit to maf^ llfi situations. The Introduction of courses In 
computtr ic^tnct and applied statlstles at earlier apes might 
inakt math^iittlei stem somewhat more meaningful. ^ 



Vlhtn girls are faetd with dtelslons about taking advanced 
mathanatlci cour^eii th^y are likely to seek guidance from sl^nl^ 
f leant others ^n their ivest such as teachers t guidance counselors » 
pttrSi and parents. Girls are also likely to be'lnfluenced by 
lodlrectt as well as directs messages they received from these 
Imptfrtant others in their lives and the society is a whole about 
the relevance of careers In general p and achievement In math^atlcs 
in partloular. " 



2, The Influence of Significant Others 

The Impact of significant others upon course-taking and 
ach1ev€Wlnt In mathematics and career aspirations seems worthy of 
special attention. Parents, peers . teachers and counselors have 
tremmdousi influence upon the child and adolescent Warner, 
^nfortunatelyV ytr^^^^ practices 
Has foeus0^ on the development of competence In mathe- 

niatlcs. In this section, some geniraV discussion of the child 
dtvelopnient literature wllT be inteiwoven with som studies of 
the specific Impaet of social liing agents upon mathematics achieve- 
ments The prisentatlon of the data on the Impact of significant 
others, is given In reverse order of apparent potential for Influence. 
Thus, counselors are perceived as the least potent Influence, and 
parents as thig most significant othirs. 

Counselors 

Harway. Astin, Suhr, and Whiteley (1976) reported that females ^ 
were more likely than males to seek adtice from counselors, more 
than any other source, regarding advantted tf^thematltis courses. 
Nunerous sources suggest that ^ gIrVs receive Tittle encourage^* 
iMnt from counselors to pursue mnh^tlcs courses or--dev1ant'^ 
carter: goals (Casserly, 1975j Harway, et* al., I976i Chrfstmani 
Vi^ullch, Dralle, and Kirk, 19761 Haven, 1972| Luchfns, 1976, 
Ptrucci, 1970| Scholossberg and PletriQflsa, 1974| Friedersdorf , 
1970). . For example. Haven (1972) found that 42 p^cent of the 
gIrTs who vi%r% Interested In careers In MtHematlcs or science 
repof^ed being discouraged rather than encouraged to take a^anced 
math^tlcs ciourses« Over half of the girls who did not take th#— ^ 
coursii reported no encouragiment to do so from counselors. 
Whether or nqt they were actually discouraged Is 'not clear. 
Casserly (19751 and Luchlns (197jS) reported that cbunselort actual 1y^ 
admitt^ discouraglcig dirls from taking the advanced courses. K. 
the reasons counselors gave reflected their stereotypes. For 



i 

txaiiip1e» counstlors said that thty discouragid girls from taking 
tht cbursts b^aust a 1w frade would hurt the girls' othirwise 
exctlltnt sehool records. Other rBa^om were that Jobs In the 
sciences were scirce and should go to men» or that such careers 
were too demanding for women* Perucel (1970) npted that even 
In some elite i^men's colTigts, counselors discourage women from 
careers such as engineering and medicine. 



Casserly (1975) suggested that female counselors may be 
projecting thier om anxieties about careers In mathematics and ^ 
science ont& the women they counsel. Harwiy» et a1« (1976) 
suggested that counselors are either ambivalent or negative, 
Thomas and Stewart (1971) said that girls who are contemplating 
''deviant" careers may find thmselves confused by the stereotypic 
thinking of their counselors. 

One bright. spot Is that students may not be strongly Influenced 
by their counselors,^ Hai^ay et a1, (1976) reported that the madcnlty 
of studtnti (80 percent) felt that counselors exert J! Ittle or no ' ^ 
Influence, ^Casserly (1975) reported that In only five bf thirteen 
high schools » students reported seeing counselors as a positive 
force In their llves^ Haven (1972) also found that many girls 
Ignorfd their counselors' advice about mathematics courses. It 
Is also Important to note that stereotyped thinking may be declining 
among counselors, Englehardp Jones t and Stigglns (1976) reported 
that counselor!,' attitudes In 1974 were less stereotyped than In 
1968, Changes In counselor attitudes should not be left to chances 
however* Perhaps "counseling" for counselors Is needed. 



Teachers 

^ There Is some controversy over the effect-^f^^^^Ser^ , 
upon student achlevMient as suggjlled-ty^^^enthal and Jacobpon 
(1968) • In some studJfE^-4«rgf^effects have been found (Dusekt 
1975; LofikheedT^fTSy The support or lack of support of tttchtrs 
does appear to have an effict on feirale achievement In mathematics, 
A very negative attitude t^ards mathematics Is often linked to* 
bad experiences with a teacher (Ernests 1976 ; Haven* 1972| 
Poffenberger and Norton * 1956, 1959), Inspirational teachers , on the 
,other hand, were frequently cited by women mathematicians as a 
major factor In their choice of career (LirchfnSi 1976), Studies 
by Cassei^ty (1975) and Anderson (1963) also showed the positive 
effects of non^stxlst and enthusiastic teachers upon the Ihtellectual 
development of girls. 

Unfortunately, teachers appear to have different expectations 
for girls and boys In mathematics at the high school level (Ernest, 
1976| Levlne, 1976), Solano (1976) found that teachers have imre 
negative perceptjdjis of mathematically gifted girls than boys. 



'Fox (1974b, 1976c) found that teiehers can bt hostllt towards 
MthMtttlcally giftid girls* Frazltr and Sfdaktr (1973) have 
Hf irrtd to ttachars is "hiddtn carriers" of socit^'s siK-role 
sterto^plng* Stich stsrsotypit thinking appears to bt common 
mnng botli f^alt alnd'mali teachirs; ^ 

Studltpof student - teacher Interaction IndlcatG that teachers 
itlitraot mori with males than femkles* esptclally in matheniatirs 
and scltnct elai|(^ (Beani 1976; Good, S1kes, and Brophy, 1973; 
Livyfc t97|; Sandp Anderson, 1960; Stacey, Bereaud and 

Danttlii 1974)* 'Fefnale students appear to be more sensitivi to 
eorfi^tlons by tiachers (Dweck, 1976i White and Aaron, 1967S 
It^||ims likily that most teachers are '^unconscious sexists" and 
jhouid bt made aware of the negative outcomes of their sex-role 
sUl^Q^ptC attitudes and behaviors. Whe/i teachers actively 
ftcrult flfrJt for Tnathematics programs and expect them to perform 
is/wtll as limits t the results are significantly positive (Casse^iv, 
1975). 

/ Thi^ impact of teachers upon studeiJits seems to be most potent 
at thi extremas of attitudes. Thus, a very bad experience with 
i tiachtr may be Influential ; and wh^n a teacher makes a very 
strong effort -ti^ support and encourage, It may also be influential. 
The ovtrall Impact of teacflers may be less potent than tn^ influence 
of others^ Additional research on the influence of teachers will 
bt prtitnt^ In the section on attitudes, ' 
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Maccoby and Jacklln (1374) asserted that boys and girls were 
tqualjy afficted by social stimuli. They, like Coleman (1961), 
howtvtrt noted that girls gravitate towards small same-sex cliques 
whilt boys function as loners or in largers more flexible peer 
graups^^ The pressure'to conform is somewhat greater In the smaller 
pttr grofeig* Shapiro (1962) found that upper elementary grade girls 
(gradts four to six) were more susceptible to peer Influences than 
jMrt boys« 

In the elementary school years, Ernest (1976) found that 

itudtnti belltvi their own-sex pee«^s are superior in all subject^.. 

In early adolescence, gifted girls and boys tend to see both sexes 
;fS equally talented In mathematics (Fox, 1975c), In the high 
'ichool years i however » males and females are more likely to 

ptrctlve mathematics as a male r main (Ernest, 1976; Fennema 

and SHtrmnt 1976» Sherman and Fennema, 1976)* 

ThuSi In adoTescence, girls may perceive real peer pressures 
against achlevwiant In mathematics* Solano (1976) found that 
aioleseents have a more negative stereotype of mathematically 
giftid girl i than boys. In adolescence and young adulthood, the 
pti^ pftsiure against achievement In mathematics may be directed 
more storor^ly ^from male than female peers, at least 1n some situa- 
tion, En^^le and Greenberger (1972) found middle-class maU^s 



girii themielvis or malas from the working class. Fannenia and 
Sherman (1976) found males more than fimalts stereotyptd mathe- 
matics as a male domain* Husbands {1972) found that female 
college students were more concerned about male than female per- 
ceptions of their femininity* Girls did not socialize or date the 
boys In their advanced placement classes In the Cassarly (1975) 
study. 

C _y^wdotal accounts Illustrate how peer pressures can operate r 
Oflrana^hematlcally gifted girl dropped out of an accelerated 
mathematics program onl^ because her best friend did so (Angel, 
1975), Although many mathematically gifted males skip grades 
or take college courses early with little or no problem (Stanleyt 
1973)t mathematfcally gifted girls are very reluctant to skip 
a grade or take college courses early because of fear of peer 
rejection. One girl was ready to abandon a grade*sk1p In the 
first week of school and returned to the lower grade because she 
had no friend with whom to sat Jfler lunch (Angel * 1975). 
Casserly (1975) found that glrrs who took advanced placement 
courses In mathematics remarked on the Importance of a girlfriend's 
support to help deal with the disapproval of boys. 

Achievement and course-taking In mathematics and science appear 
to be Influenced by the sax-ratio of the learning situation. 
Efforts to recruit girls for special miKed'Sex mathematics classes 
outside of school were not very successful when the number of girls 
was smalV. When an all -girl class was arranged, the response was 
considerably higher (FpXp 1974a ^ 1974b i 1976c)* Ruehl (1975) found 
that girls paired with girls In a physics lab were more success- 
ful than boys paired With boysi or^mixtd-sex pairings, Presumablyp 
the all-girl classes or pairings allow girls to achieve by reducing 
sex-role conflict. Hurley (1964) i 1965) found greater gains 
on achievement tests for girls in all girl classes at the fifth 
grade than for girls in m^xed sex classes at the end of one year. 
This Included a significant gain in arfthmetic concept scores* 
Boys made few gains in th^e first yeari but did better the second 
year. Teachers noted a slgni^cant decline in sex-role stereotyped 
behavior for both sexes in the same-sex classes, Ironlcallyi 
the boySi but not the girlSi wished to continue the same-sex 
classes* Why the girls did not f ike the sex-segrtgation is not 
known. Husbands (1972) argues aga^st sex-segregation, at least 
at the college level, because the quality of the mathematics and 
science offerings will becoffre-dlluted in all -girl classes. 

* 

Although all-girl classts may not totally acctptablt tp 
girl I, there may be some valuta in having programs that track girls 
early for academic progmms that liad t» the taking of advanced 
courses In mathematics .and rdence <Fox, 1975bi 1976a). Both Havefl- 
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n97|) and Casserly {1975) found this to bi true. Being bracked" 
is tarly as grade four may f in the student the expectation 

that an aeadtmic program, including advanced mathematici and science, 
1$ inevitable. Caserly (1975) found that for girls not tracked 
early, the placement in Algebra In the eighth grade was often^-trau- 
mitic. Early tracking also may lead to the development of a peer 
clique of girls who support and reinforce each other. Farley (1968) 
went even further and recommended that four years of mathematics 
be required for everyone. This would eliminate course options and 
diffuse the mystique of mathematics as a male domain* If choice 
1$ eliminated, girls would not have to defend their pursuit of 
such courses to male or^^female peers, 

Attitudes of peers may be more Important in reinforcing existing 
stereotypes and attitudes than changing attitudes and behaviors 
(Alniqulst and Angrlst, 1971), Poffenberger and Norton (1956^ 1959) 
noted that basic attitudes and beliefs about mathematics are shaped 
before the chMd enters school. It is generally believed that the 
prime agency of socialization 1s the family. 



Parents 

In a review of the general literature on socialization and sex- 
typing Maccoby and Jacklin (1974) concluded that there Is "a remark- 
able degree of uniformity in the socialization of the two sexes"* 
The major sex difference Is that boys seem to have, a more Intense 
socialization experience than girls. They are more pressured than 
girls against engaging In sex-inappropriate behavicr. These 
conclusions are based on sex-typed behavior in narrowly defined 
terms, such is toy prefftrence and clothing. Parents reportedly 
notice children's behaviors more when they run counter to sex- 
role stereotypes and they punish wrong behavior TOre when it Is 
seen as sex- Inappropriate than sex-appropriate, while reinforcing 
desirable behavior more When It Is seen as sex-inappropriate rather 
than se;c-appropr1ate. Maccoby and Jacklin (1974) refer to this 
as the "perceptual adaptation lilvel" hypothesis. They cited no 
studies t however, relating this to mathematics achievement. 

There 1$ some evidence that support and encouragement from 
parents ate crucial for girls in their decisions to elect or not 
elect mathOTatics courses In high school (Haveni 1972| Luchins, 
1976; Poffenberger and Norton, 1956| l?f9). Fox (1975c) found 
that mathematically gifted boys were significantly more likely 
to perceive their parents as favorable towards acceleration in 
mathematics than were girls. Anecdotal evidence from the Study 
of Mathematlcany Precocious Youth Indicates that the girls are. 
correct In perceiving less parental support (Stanley, Keating and 
Fox, 1974i Keating, 1976). Fennema and Sherman (1976) also found 
sex* differences In students* reports of parental perceptions of 
the child as a learner of mathematics. 
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The Influence of fathers may be even greater than that ' 
of mothers. Haven (1972) found that girls were more Hkely to 
discuss course*taking with fathers than others, Ernest (1976) 
found that at the stcondary school level, both males and females 
turned to the fathers rather than the mothers for help with ma the* 
matlcs homework, Carl smith (1964) found that mathematics achieve* 
ment was lower for both boys and girls in father-absent homes 
than In homes where fathers were present, Helson (1971) suggests 
that fathers were more salient parental figures than mothers 
In homes of woman mathematicians. Block (1973) concluded that 
fathers were more potent agents of sex-typing than mothers. 

In general, parents are less likely to notice and encourage 
mithCTatwal talent in female offspring, Astin (1974a) found 
that parents of mathematically gifted boys were more likely than 
parents of girls to notice their offsprings* talent in early 
childhood* Also parents of boys bought toys of a scientific 
nature for their sons more often than did parents of girls. 
The provision by parents of more toys, qames, etc. of a scientific 
nature for toys than girls was also re^ rtid by Maccoby and 
Jacklln (1974). Casserly (1975) noted that girls 1n her study 
felt that they had received fewer such toys than their brothers* 
Career goals and educational plans ware more likely to be dis- 
cussed with children by the parents of boys than by the parenta 
of girls* " 

Levlne (1976) found that parents hold lower educational aspir- 
ations for daughters than for sons. Casserly (1975) also found 
that parents had limited aspirations for daughters^ Levlne (1976) 
found that 75 percent of the mothers of girls who earned poor 
grades In mathematics accepted this as Inevitable because of their 
own lack of ability In mathematics* Parents of boys who earned 
poor grades in mathematics were likely to say that -^t boy was 
simply lazy. Thus, lower levels of achievement in mathematics 
are more easily accepted by parents of girls than parents of boys. 
Helson (1971) found that female mathematl clans in the United 
StateSi particularly creative ones, were Hkely to come from 
all-girl families and/or were first or second generation Americans. 
Th1$ suggests that parental expectations for daughters are In- 
flutnced by social factors* If family resources for education are 
11ml ted ft the presence or absence of a male child may influence the 
degree of support and encouragement a female child receives* 
Casserly (1975) found that even in working class families where 
the aspirations for tiaughters were high, the understanding of 
how to achieve the goal was missing. 

Several studies suggest that thi development of a low numerical 
ability pattern or Its conwrse result from specific ehild-rearlng 
practices* Bing (1963) found that discrepant verbal ability was 
fostered by a ^lose relationship with a demanding and 1ntru|1ve 
mothers while discrepant nonverbal abilities are enhanced by allowing 
a child a considerable degree of freedom to experlmint on his or 
her own* A marked pattern of help seeking and help giving Inters 
feres with the development of an Independent i self -reliant attitude. 



This, In turn, 1s nteded for nDn^verbal compitency* Unfortunatily, 
BlTTg-^dtd T!0t TOntrol for In redi tt ry i^nf 1 utnc« r -Psrtraps non-tnttr- 
faring mothers are themsilves less verbal. Other studies hive, 
however, found similar results. Ferguson and Maccoby (1966) found 
that high number ability boys and girls were detached from their 
parents from over*close dependency. High verbal/low number ability 
boys and girls were overly dependent upon their parents. Block, 
(1973) riported that parents of boys emphasize achievementi competi* 
tion, and control of feelings and expression of affection* Parents 
of girls Miphasiie interpersonal relationships » affection and pro- 
tection. Although Whfti (1973) has suggested that there is a gener- 
al lied parenting style that fosters competence in children i Baumrind 
(1972) notBS that a parental style may have differential outcomes 
for boys and girls. Stein and Bailey (1973) concluded that moderate 
but not overpowering parental nurturancei permissiveness i and 
tncouif^agment of independence and achievement efforts were aspects 
of child-rearing practices that facilitated the dtvelopnent of an 
achievement orientation In women. The presence of an achieving 
maternal model was also considered to be an influential factor, 

Aiken (1975 ; 1976) hypothesized that sex differences In mathe- 
matical ability was a partial consequence of same-sex modeling. 
Young girls model their bthavior after their mothers who are typically 
TOpre verbal than quantitative* Thiss combined with the general 
fack of salient female models who exhibit mathematical orientations , 
leads girls to view themselves as incompetent in mathematics. 
Maccoby and OackHn (1974) conclude that same-sex irodels are more - 
potent for stimulating imitative behavior. The exact process by 
Which boys and girls learn sex-role appropriate behaviors, howeveri 
Is not clearly understood; it may not result from direct modeling 
but rather from a more complex cognitive process. (Kolberg, 1966; 
Maccoby, 1966; Maccoby arid Jacklini 1974; Mlschels 1966). The 
^hypothesis that mathematical competence results from Identiffcatlon 
with a masculine role is discussed in the following section. 

3* The Perception of Mathematics as a Male Domain 

The belief that mathematics is a male domain reaches the very 
core of the Issue of sex-role socialization and mathematics achieve- 
ment* Two major hypotHests often offered as social -cultural explana- 
tions for sex differences In mathematics are , the masculine Identification 
hypothesis and the cultural reinforcement hypothesis (Aiken, 1970a; 
19751 1976; Astin, 1974a)* In the former achievement and Intertst 
in mathematics are assumed to result from identification with the 
masculine role* This is related to the issue of achlevment 
motivation* The second hypothesis also assumes that mathematics 
Is a masculine domain i and thus females receive less encouragement 
from society for achievement in this realm. The JUpport of significant 
others has already been discussed. In this section the miphasls 
Is upon the relationships between the sex-typing of mathmtatics and 
the e^couiragement from significant others. 



Thi Mascylina Identification Hypothesis 

A major hypothesis offered as an explanation for sex*d1ffirences 
in mathiifTiatics achievement is the masculine Identification hypothesis 
(Plank and Planks 1954; Elton and Rose, 1967; Aiken, 1970a; 1975» 
1976). It is argued that boys and girls who identify with their 
fathars or -a generalized masculine sex-role are either better at 
mathematics than those who have a feminine Identiflcationi or at 
least are better mathematically than verbally. Alas> the studies 
which attempt to deal with this issue are not in total agreement, 
A major source of confusion lies with the definition of masculine 
identification. Most studies used a score on a paper-and-pencil 
test of masculinity/femininity as the measure of sex-role iden- 
tification* Constantinople (1973) has stressed the basic problems 
with bipolar scales and constructs of masculinity and femininity. 
Persons who score relatively low on the sex-appropriate scale may 
be androgyrious rather than cross -sex identified. 

Block (1973) reports that women who score high on the masculinity 
scale of the California Psychological Inventory (CPI) can be further 
divided Into two groups' based on their socialization scores. 
Women who are h^gh on socialization appear to^ have a general 
feminine identification iut without the "female" passivity an< 
dependency characteristics despite their "masculine" CPI scores , 
Analysis of the life history of these women suggests that they 
did not identify specifically with either parent, but with an 
"androgynous" composite of the parents. Those women exhibited 
^ extreme deviations from traditional definitions of appropriate sex 
role, 

Heilbryn (1974) in a lengthy review of the literature on 
parent identification and filial sex-role behavior concludes that 
the biological and psychological sex of the parent with whom the 
child identifies is related to sex-role identification of boyss 
but not girls* Girls who have Identified primarily with either ^ • 
a masculine father or a feminine mother can be equally feminine 
in their own identification. Both Block and Heilbrun concluded 
that measyres of either a masculine ot feminine identification 
for women are independent of sex of parer>t with whom the child 
Identified, It Is argued that what is even more important is 
that sex-role identification relates to healthy psychological 
adjustment for boys, but not girls (Heilbrun, 1974; Brovermarip 
Broverman, Clarksont Rosenkrantz, and Vogelt 1970), 

Thus, for females I identification with the father tioes not 
necessarily lead to a masculine rather than feminine identification 
and, conversely, high scores on masculinity scales do not necessarily 
mean identification with the father. This complicates the interpre- 
tation of studies on masculine identification and mathematics 
achievement. 
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The maseullne Identification hypothesis appears to have 
'Origlnattd frm a fiport by Plank and Plank (1954) on case histories 
jof mmn who were eminent In scientific and mathematical fields. 
CTInlcil evaluations of women mathematicians rated as creatlva 
by their peers revealed that many of these women had Identified' 
with their fathers rather than their mothers. They did not* 
howevefi scofe extremely high on the masculinity scale of the 
CPI (Helsong 1971). It Is difficult to draw conclusions on such 
small siltct samples « Perhaps the identification with father for 
these women Is related more to their pursuit of atypical careers 
than the development of their mathematical ability per se. 

Another study often citid as support for the masculine 
Identification hypothesis is one by Carl smith (1964) who found 
that boys and girls whose fathers were absent from the home 
during the early childhood years had higher verbal aptitude than 
mathematical aptitude. Carlsmlth assumes the high verbal » low 
mathematical pattern Is a feminine style while the reverse pattern 
Jj.lMMUllne,,^^^ T^ lessened the availa- 

bility of the masculine model for identify 
berg ind Sutton^Smlth (1969) als8 found decreased quantitative 
scores In fither absent homes for girls as well as boys. Landy 
et aU suggest that 1t Is decrepised opportunity for Interaction 
with the father that accounts for the lower scores. 

Ferguson and Maccoby (1966) offered a different Interpretation 
of the causes of discrepant ability patterns. They hypothesiied 
that stress and tension interfere differentially with functions 
underlying mathematical and verbal performance. Parental absencr^^ 
causes tension and thus a high verbal and low mathematical profile* 
for both sexes, / 

Jn a test of the two hypotheses (Carl smith's sex* typing and 
Ferguson and Maccoby 's tension hypothesis) Nelson and Maccoby (1966) 
ill d not get clear results and support of either hypothesis* They 
coneluded that perhaps the hypotheses combined had some explanatory 
merit; for examplep boys who had a cross-sex Identification were 
experiencing more tension and the Identification with the mother 
combined with the tension produced the high verbal pattern, 
t^n (1972) suggests that boys are more analytical than girls because 
the very proMss of Identifying with the abstractp culturally defined 
maseullne role requires a more analytical method of learning sex- 
role than does the learning of the female role through direct 
identification with the mother. Presumably, girls who Identify 
with the masculine role are also developing the more analytical 
cognitive style, 

Kol berg's (1966) model of sex-role Identification, however. 
Implies that both sexes empl% cognitive processes In the act of 
^developing their sex-role Identifications, A study by Brown (1957) 
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suggists that girls know the rniscuHna role and prefer it to the 
female role in the early grades^ By grade 5, girls begin to switch 
to a preference for the fiminine role. If girls know the masculine 
role* they must, like the boys, learn about it 1n an analytical way* 

Thus, therfe 1s no overwhelm^'ng evidence that identification with 
the father is a necessary condition for the development of mathe- 
maticaT competence. When mtscuHne identification is defined in 
terms of psychological test scores, the results are also somewhat 
contradictory with respect to mathematical achievement. 

In a study by Elton and Rose (1967), women with high mathematical 
aptitude and average verbal aptitude scored higker on the masculinity 
scale of the Omnibus Personality Inventory (OPI) than did women with 
average mathematical aptitude and high verbal aptitude. Women who 
were either high or average on both abilities did not score high at 
the extremes of the scale. The Mascul1n1ty/Pem1n1nity dimension used 
in this study was a measure of a theoretical versus aesthetic , 
orientation* Milton {19S9) found males and females who had masculine 
orientations were^etter problem-solvers than males and females who had 
less masculine orientations. 

Somewhat opposite results are suggested, however, by other studies^ 
Lambert (1960) found that female mathematics majors in college scored 
higher on the femininity sclae of the Minnesota Multiphasic Personality 
Inventory (MMPI) than did femtle edocatipn majors^ (The number of 
female mathematics majors, however, was very small.) No differences 
were found between male mathematics and education majors on this 
scale. A study of eleventh-grade girls found that the higher 
achievers in mathematics were significantly more accepting of the 
female sex-role stereotype than were lower achieving females 
(Jacobs, 1974)% 

Research on the masculine identification hypothesis is difficult 
to interpret due to the measurement problems involved. Bern (1974) 
and others (Constantinople, 1973; Spence, Helmreich and Stapp, 1975) 
have suggested that masculinity and femininity should be treated as 
two dliflensions rather than a bipolar scale. It may well be that 
psychologttal androgyny rather than a strong masculine identiftcation 
is associated with math.imatical competence ih women. Thus, females 
who do not sex-type mathematics as masculine are able to achieve in 
mathematics without a conflict with their acceptance of a general 
feminine sex-irole, whereas females who sex-type mathemitics as 
masculine, and have a femirtlne sex-role Identification experience 
conflicts and achieve less, for example, Bern and Lenny (1976) 
found that .cross*sex behavior Is TOtivationally problematic for 
Individuals who are strongly sex-tipped. Discomfort was greatest 
when the subject had to perform a cross-sex activity in front of 
a member of the opposite sex. This was not true of androgynous 
subjects. , . 



At present the evidenci that identification with 




father or 
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or 1 mascultne Identification as measured by tests 1s a ne cessary 
eondltlon for achleveffient In mathematics 1s not overwhelmingly 
impress ivt. The hypothesis that sex-typing of mathematics as a 
male domain inhibits fjrole achlivement. seems to be a more loglcany 
consistent argument. 

Achiivemtnt Motivation and the Male Domain 

Tht sex typing of mathematics as a male domain is related * 
indirectly at least* to the literature on achievement motivation 
and women. Several researchers have noted the potential conflict 
for girls between academic Achievement and popularity (Colemanp 
1961; Hawley, 1971; 1972i Komarovskyp 1946). Lavach and Lanier 
(1975) found that success In a domain labeled "feminine'- was less 
threatening for females than success In a domain labeled "masculine". 
As long^as mathematics Is considered to be a masculine domain* 
achievement conflicts are likely to exist for girls, 

. Jhe instruct '^fj^^ proposed bx Horner (1972) has 

bean sharply Cf1t1cl2ed (Zuckeriran and Wheeler, 1973). Whili It 
Is true thit attempts to repHcatt Horner's original studies and to 
expand the concept have met with problems, the theory does seem to 
fit well with anecdotal data on women and achlevtmtnt in mathematics. 
For example, gifted girls have often beerj reluctant to accelerate 
their progress In mathematics because of fear of negative soclaT 
consequences, primarily peer rejection (Fox, 1974b; 1975b', 1976c). 
FeNHMiia a^^^^^ reported that girls said they did not 

pursue the' advanced mathematics courses because taking such courses 
might hamper their social relationships with boys and/or make them 
appear masculine, Levlne (1976) also reported that girls believed 
that boys do not like "smart" girls, especially "math whizies". 
Sherman and Fennema (1976), however, did not find a "fear of 
success" effect In their study when they attempted a paper-and- 
pencll assessment In relationship to mathematics. 

While not all women fear success Horner (1972) said those who 
have high fear of success were the least likely to develop their 
Intellectual potential, especially In situations requiring compe- 
tltlen with men. Roirer (197S) found similar results for girls In 
high school. If this Is true, perhaps these women should feel less 
thveatened In all female classes for mathematics than in mixed-sex 
groups. Fox (1974b| 1976c) found^that it was easier to recruit 

■ seventh grade girls for all girl accelerated summer mathematics 

, classes than for co-educational ones. ' ■ 

There appears to be a need to test the relationships of fear of 
success and failure-motives more directly within real and observable, 
rather than Imaginary settihgs. The rejection of advanced mathematics 
classes by girls may be a result of complex motives. Some my fear 
the consequences of success In a situation they consider to be a 
mal.t doBMln, Othirs may fear failure partly because they are con- 
ditioned to believe they are less capable than the males in this domain. 
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iftfflft^nB^ fear both succ ess ^nd failure. They will ippear "stupfd^'_ 
If thiy fall or isk a silly question but appeaF 'WscuTTne^ iT*tWey 
are too successful. Another possibility Is that girls do not fear 
either success or failure but simply see no value In achieving In a 
dofflalri labeled as masculine by society. 

Sex-typino of Hathematlcs 

There Is little doubt that the perception of mathematics as a 
male domain is conmon. As Casserly (1975) points out, traditionally 
the physical sciences and mathematics have been male provinces, and 
relatively few women have crossed the borders to seek eminence In 
these domilns. Laabert (I960) hypotheslies that even at an early age, 
boys are expected to be Interes^ted In mathematics. Girls, on the 
other hand, though they may have equal ability, may be discouraged 
from learning by the prevailing Idea that mathematics is a masculine " 
fields Ernest (1976) cites a professor at Columbia University i who 
said, "W^ didn't I study Mathematics at age 21? I felt It was not , 
aLJ^imlnlnel thing to to me that this 

Is a contfnuing problem for liahy young w professor 
said, "Many people, on hearing the words 'fenale mathematician' 
conjure up aji image of a six-foot, gr^-hal red,* tweed- sutt, oxford 
clad woman. This 4mage, of course, doesn't attract the young woman 
who is continually being bombarded with messages, direct an.d Indirect, 
to be beautiful, 'feminine', and to catch a man." 

While Investigating high school students' attitudes toward 
mathematics, Sherman and Femiema (1976) addressed the issue of 
matheiratlcs as a male domain. Thfy reported that the boys, more 
than the girls, rated mathematics as a male domain. Sheman and 
FennMia (1976) hypothesized, however, that these girls live fn a 
connunlty where the women's movement receives much publicity. 
When the femaTes In this study were asked to respond to such an 
Item as "Studying mathematics 4s Just as appropriate for women 
as for men" they agreed. Th^ behaved, however, in a more stereo- , 
typic way when It came to course selection. The boys, on the other 
hand, may have felt freer to. express the view that mathematics 
Is a male domain. Sherman and Fennema (1976) suggested that this 
masculine via* Is undoubtedly communicated to the girls. Thus, 
while the stujdy did not document that girls more than boys bel1ev# 
mathematics Is a male domain. It did find that the girls' actions 
contracicted thpir words. The stereotyping of mathematics as a 
male domain did reltte to both female achievement and course-taking 
(Fennema and Sherman, 1976). 

Sherman and Fennema also point to the fact that mathematics 
teachers tend to be male (69 percent in the city studied Ia 1974-75) 
and this contributes to the impression that mathonatlci Is a male 
domain. There Is also a tendency for the more advanced mathanatics 
courses to be taught by males, lending additional support to the 
overall 1mpres|4on that mathematical thinking Is a male province. 

In a study by Farley (1974) students were asked to rank in order 
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six reasons for girls' lick' of interest In mathtmatics oriented work. 
The second choice for girls was that men do not want girls In the 
mathanatlcal occupations. Boys ranked this reason fourth. Thus, 
this study suggests that girls feel more strongly than boys that 
there Is male prejudice against the girls' engaging In mathematics- 
related work. Ntither group put much stress on the idea that 1t 
Is not ladylike for girls to enter these occupations. Both groups 
ranked this reason fifth. Farley suggests that this Is a departure 
from the popular opinion of previous decades. She cites the case 
of a high school senior In a girls' school, who had done outstanding 
work in mathematics and science. When the student sought Information 
about the pracedure for applying for admission to M.I.T,, she was 
referred to the school's consulting psychologist, who was charged with 
the duty of redirecting her interests Into more ladylike channels. 

Thus, the Farley study and the Sherman and Fennema study suggest 
that the concept of mathematics as unfemlnlne Is not as prevalent as 
it once was, and that girls on the verbal level attest to their right 
to enter any field. The evidence, however, shows that male prejudice 
against girls' entering mathematics either still exists (as the 
Fennema- Sherman study suggests) or, at least, the girls believe it 
exists (as the Farley study suggests). The end result is the same. 
If male prejudice is inhibiting to a girl, that girl will probably 
choose to study something other than mathematics when given the 
choice. 

Hawley (1971 j 1972) found a definite relationship between women's 
career choices and their perceptions of significant men's views of 
thrfaminlne ideal. She found that women preparing for traditlonany 
fonlnlne careers (e.g., teachfng) believe significant men in their 
lives dichotomize Bttitudes and behaviors into male-flmale categories. 
They thought men viewed behavior as appropriately maTe or female. 
Those Dreparing for nontradltlonal careers (e.g., mathematics/science 
majors) believe men do not see sex as a determinant of attitudes and 
behavior. The math/science women indicated that their nwn feel 
women should be free to compete with men in all areas, even., those 
that have been traditionally considered male domains. 

Casserly (1975) found that many guidance counselors still believe 
that careers in mathematics and mathematics courses are male domains. 
The fact that teachers perceive boys as better aft mathematics than 
girls (Ernest, 1976) is also suggestive of their sex-typing of 
mathematics. i 

Parental Socialization 

Since teachers, counselors and peers tend to reinforce the belief 
In mathwiatics as a male domain, it seems likely that this belief has 
early roots. Yit thereNs little research on parental sex- typing 
and socialization practices as they affect attitudes and/or achievement 
in mathematics. In a review of the general literature on socialization 
and sex- typing Maccoby and Jack! In (1974) concluded that there is 
"a remarkable degree of uniforMty in the socialization of the two ' 
sexes". The major sex difference is that boys seem to have a nwre 
Intense socialization experience th#n girls. They are moce pressured 
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than girls tgninst engaging In stK-lnapproprlit© behiylor, Thtsa 
conclusions are based on sex-typed bthavlor In narrowly diflntd tirms, 
such as toy-prtftrtnca and clothing. Parents reportedly notice 
chndrtn's behaviors more when they run counter to sex-role stereo- 
types and they punish wrong behavior more when 1t Is seen as sex- 
Inappropriate than sex-approprlatei while reinforcing desirable 
behavior more when It Is seen as sex-1nappropr1ate rather than sex- 
appropriate. Maccoby and Jacklln (1974) refer to this as the "percep* 
tual adaptation level" hypothesis. They cite no studies, however, 
relating this to mathematics achievements 

The evidence that parents sex-type mathematics comes largely from 
Indirect rather than direct measures ^ For example, Ernest (1976) 
found that after grade s1x» both males and females tended to seek 
homework help In mathematics from fathers rather than mothers. 
Parents of mathematically gifted boys were more likely to report 
having bought scientific and mathematical games and toys for their 
sons than were the parents of girls (Astin, 1974a). Block (1973) 
found fathers to be more crucial than mothers as the agent for direc- 
ting the sex-lyplng o^^ pariTTtal tdeas about 
mathematics per se werfe not Investigated, Block found that parents 
of boys emphasize achievement, competition and control of feeltngs 
and expression of affection, while parents of girls emphaslie Inter* 
personal relationships, affection and protection.) This suggests 
that changing the sex-role stereotypes of fathers Is even iwre 
Important than changing those of mothers « 

If parents do sex-type mathematics as a male domainp this should 
lead to differential expectations of behavior for sons versus daughter 
There is some evidence to this effects Fathers who regard ma the- 
■atlcs as a more masculine than feminine pursuit had higher expec- 
tations for their sons In mathematics than did fathers who sex- 
typed mathmatlcs less (Hillft 1967)/ A similar relationship 
was not found for mothers* The effect of sex- typing of parents on 
expectations for daughters was not studied. Perhaps mothers arid 
fathers who sex- type mathematics have lower exptctatlons for daughters 
than parents who do not sex-type this domain* In general* perceptions 
of parents' fxpectations of the child's mathCTiatlcal ability is lower 
for girls than boys. This perception leads to differential stlf- 
conceptions and course-taking (Kaminskl, Erickson, Ross, and Brad- 
field, 1976), The relatlpnship of this to sex-typing by parents 
Is assumed i but not systmatlcally shown* 

Parents who sex-type mathematici as masculine are probably more = 
likely to notice and reward success In mathematics and less likely 
to punish failure for girls than boys* There appears to be no study 
which effectively supports or reflects this hypothesis. A study ty 
Astin (T974a) found that parents of mathematically gifted boys were 
more likely than parents of TOthematlcally gifted girls to notice 
and reinforce their child's early interest in mathematics* ^The 
degree to which the parents sex-typed rreth^atlcs is not known. 



Thtfi Is howiVif. a genaral belief that partnts are moft tolerant 
of fa11i4re In mathematics for girls than boys. This Is supported 
by aneccfotal rtports mori than direct rtsearch (Levine, 1976)* In 
a study of pre-schooleM» Block (1973) found parents to be much 
more concerned wfth task-orienttd achievement for boys than for 
girls. Block (1973) concluded that parents expect far less achieve- 
ment from girls than boys In general* 

Although there Is a large body of literature on six-role 
socialization and rodel1ng» none of the theories are adequately 
proven (Maccoby and Jackllnp 1974). It appears that children 
learn by employing both direct modeling of same- and opposite* 
sex models and by general 1z1ng» from observational learning^ the 
behavior of both sexes. Unfortunately^ there 1s little research 
evidence to suggest how attitudes and competence or lack of com* 
petence In mathmatlcs results from the social liatlon practices 
of parents, Wr can only speculate* For example. If Kolberg's 
(1966) theory of sex-role development Is correct, the pbservatlon 
of the sex-typ1ng of mathematics as a masculine domain by parents 
should lead to the Internalization of different self-expectations 
for girls and boys. If more direct modeling theories are correct, 
the fact that more fathers than mothers are likely to be the models 
for mathematical activities, as suggested ty Ernest (1976) and Aiken 
(1976) will also lead to sex differences, (As noted earlier, Lynn's 
(1972) ipeculatlons on the development of 4inalyt1cal competence as a 
result of modeling on abstract rather than concrete role models Is not 
supported by evidence*) The problOT is that regardless of the dynamic 
the message most girls are likely to hear 1s that competence in 
mathematics Is a masculine rather than feminine trait. 

Media and Textbooks 

Whether or not the female child has access to mathematically 
competent female role models In the home, the general comrmjnicatlon 
frwi the larger society Is sex-biased* Television, children's Uter- 
ature, textbooks, and tests typically reinforce traditional sex-role 
stereotypes (Harway et. al., 1976), some of them conveying some 
disttnct messages about women and mathematics* 

In a study on role models presented to children In children's 
TV shows, S^^rnglani and Serbin (1974) pointed out that the role 
models for children on TV depict women In a derogatory manner, rafely 
having Jobs, and usually In romantic and/or family roles. Moreover, 
commercial TV shows- aimed primarily at children show males as aggres- 
sive and constructive* Females are shown as being second-rate and 
punished when they engage 1n a high level of activity* TV shows 
carrj a different message for girls than boys, and thfy postulate 
that girls learn from their TV «/atch1ng that it is Inappropriate to 
(mke plans and carry them out or to be aggressive* Girls will be 
pynlshed tf they abandon the sedate female stylt* The most successful 
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route for females on TV shows seemed to be magic. Even Stsame 
Street, one of the most popuUr television shows for Uttli 
children, reflects sex role stereotyping. Bergman (1974) states 
that a little girl watching Sesame Street "was like taking lessons 
In Invisibility." Live feftales are underrepresented and generally 
appear In stereotyped roles and there are few female puppet characters 
who aren*t mommys or sisters. Cartoons used In the program are 
narrated by males and almost all were about males. Documentaries 
rarely show girls doing anything except standard stereotyped play 
activities. Although Bergman believes the program has changed 
somewhat from being incredibly sexist to being slightly sexist, 
she feels it has not yet gone beyond tokenism. 

Carney (1974) reports that raqism and sexism are still the rule 
in children's books and textbooks, A National Organization for 
Women (N,0.WJ group read 135 books and children's readers in an 
effort to find a reading series for children that portrayed males 
and females In non-stereotyped roles. Thty could not find any 
series that was acceptable (Jacobs and EatOHs 1972)* These findings 
are confirmed In studies by the National Foundation for Improvement 
In Education, in which images of boys and girls are axamlnid. Girls 
are shown in domestic roles, caring for pets and llttli brothers i 
they are encouraged to make themselves look attractive, while success 
for boys Is pictured In tprms of Independence (Wiitimin and RliiOt 
1974), Images of adult women reflect the roles of housewife Ifnd 
mother, presinted in an artificial way, but Indicating this as the 
Ideal role for women. Similarly, 1n a study on prt-school picture 
books, 1t was found that they present an over*s1mpl1f1ed and stirto- 
typed image which presents a .very narrow view of soclity (Wtltiman 
and R1z20, 1974). Sraebner (1972) reports some chinges In newer 
books i showing more women In careers ibut stereotyped ones)t but 
men still appear overwhelmingly In biographical stories and they 
dominate the Illustrations and the story texts* « 

Secondary school textbooks are no better . Tracker (1973) reports 
that so far as the secondary school curr^lculum 1$ concerned, humanity 
Is masculine. U.S. History textbooks constantly refer to men, and 
blopraphies and stories read by children are all based on the assumpti 
that men lead more interesting lives, * 

Much time and attention has been given to sex typing in reading 
books for children, but relatively little to 'their mathenrntlcs tekts; 
This is probably due to the fact that it 1s assumnd that numbers 
cannot be sex- typed. It is Interesting, therefore^' that the tew 
studies that have been done show that the mathemafics textbooks used 
by both elementary and high school students do support a stereotyped 
view of women*s role in society. In a study of 2nd,, 4th and 6th grade 
mathematics texts, Jay (1973) foufRd evidence that the mathematics ' 
texts used by the children were stereotyped. In a follow-up study 
it was reported that in elementary mathematics texts, ^ice as^many 
items were Identified as masculine than feminlnt. Even more striking 
were the activities in which the boys engaged, as opposed to the gJrIs* 
Boys are shown to be active, eafnlng money, participating in sports, 
engaging in inquisitive and exBlbrtitory play. Gtrls play with .dolls, \ 




fpad books t and practice the piano. Men are fathers who earn mortty' 
by working and engagt in leisure activities like fishing, camping 
and hunting. Women are mothers who saw» make fudge, and seem to 
spend much of their leisure tiTO shopping or marketing and spending 
the money fathers earn* Jay and Smenke (1975) suggest some problems 
could be rewritten with a deliberate attempt to contradict the stereo- 
typt, i.g*i show boys cooking, girls working, and so forth. 

Similarly, Federbush (1974) reports that mathematics textbooks 
portray boys as active * girls as passive. Where girls are shown to 
be active, they are doing typically feminine things like jumping rope 
or going to the store. The "New Math" textbooks are no better. 
People ane always being put into sets by sex. Groups of boys are 
divided by activities (footbalT players ys. baseball players) 
while ^g1rls are grouped by the color of their eyes and the length of 
their hair. Female mathematicians are not included when the texts 
give biographies of famous people. 

Even algebri^ textbooks are not immune to stereotyping. Rogers 
(1975) examlnetf eight algebra textbooks widely used« Women and their 
activities were pictured as dull and Insignfficanti they rarely 
appeared 1n career situations. Men, on the other hand, are pictured 
as alert, actlveft and more scientific. Women were shown as social. 
Rogeps points out that women iDscel in "sitting", an aqtlvlty around 
which a great many problems are constructed. Some mathematics texts 
even show females as mathematically incompetent. Standardlied tests 
show these biases as well; the Scholastic aptitude Test-Mathematics 
(SAT-M) pictured men with power and ^'nfluence and referred to girls 
In conntctlon with mothers and children. - ^ \ ^ 

Science texts show similar stereotypes., Even science texts that 
pur^rt to be iion-biased are. accompanied by illustrations of only 
boyS using the lab equipment (Trecker, 1973). Boys control the action 
(a boy rides his bike); girls watch action (a girl watches a balloon 
float). Adult women are almost never shown in scientific rolrfs. 
Qaetano (1966) reported that in the upper grades, where tentative 
vocational orientation begins, males predominate In 16 of 18 texts* ^ 

Although It certainly appears that females get little relnforce- 
ifjent for mathematical or sciefttlfic interests from texts, tjhfortujittely, 
one cannot readily assess the Impact of these cultural messages upon 
Individuals. A study by Plost and Rosen (1974) does suggest that 
the same-sex model in media presentations may be a very salient factor 
for the development ©^career preference. It would certainly be 
valuable to study the Impact of non-sexist texts upon the achflevemeot 
of girls in mathematics, 

^sts . " , 

Most Mathematics tests contain more biases In favor of males. 
In a study of the' items on the Scholastic Aptitude Test-Mathematics 
(SAT-M), ^nlon ,(1971) reported that the items heavily favored males. 
Only two of the Items favored females. ^ Analysis. of Items by con-' 
tent led to the conclusion that the approximate 40 point difference 
between ^e sexes on this test 1s a fiinctlon of the content formula. 
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[if^^|0. "Women aruTKucatlorial Ttstltiff'*, Tittle (1974) found 
that testi Wife biased for malis. She points out that there if fr 
two ways 1n which discrimination In testing can tccuri first, 
rtlnfofcenwit df sex role stereotypes and, second, restriction of 
Individual choice in selectlyeJblas of test content and user = 
materials. 

Strassberg-RQsenberg and Dpnlon (1975) rip|ort that the test*? 
reflect more items relating to things rather than people and that 
the SAT-M Geometry and regular Math«nat1ci are most biased In fa^^ 
of boys. Ekstrom. Donlfln, and LoiSkhted (T97tf) anal^^ed ?fch*^ 
Achievement Test (Level 5, Form A), Iowa Tests=cf BiliciSMlls . : 
(Levels 11 and 14, Form 6),Metrepol1tan Acbie^rM^ 
12, Form F) and Sequential Testi of EdWMlehil P^^^ 
Series II). Male nouns and pronouns^ouiif Qifteif; f 
linguage of these tests. Ekstrbin It rfl. d^lli ii^'fm he^ftVir, 
that items dealing with ^people i^ri»1^if if lilW^^ ■. 

affirmed the masculine bias til w ntent 'inf^uir stendKr^ d H ii^W^^^ 





There Is some controversy over i#hl titer the |p| 
Ics problems affects girls' abili# €o"d6 iW^^ 
Mull is (1975) suggested that glws 
problems in general, not especial Ty r^flwW'WTM^I 
or wording of the problems; In a study. tff^i©th,^|^^M * 
Blount (1975) found that thtrt *«s an l^piGpiip^^t #ei^^ 
in favor of problems appropriate oppos>fte"se3^-*^^^ 
subject's own sex, but other studies sfwtr tfatt^^a^J ^fteHtt b^ 
to problems more related to their pwn exper*4nc«s. ^ - - - 

Ledtr (1974) suggests that both boys art* glnls JKefer^^^!^^^^^ 
mathematics . problems which are moH watia te^tW^ : 
although no attempt 'was made to relate thits to pei|foi'B» 
those problems. MITton (1969) found that WHin thi^iRa^ie^^ 
of a problon are altered to make them l^t|«sjip1ntfi sex dlfi^ 
in problem solving ablli^ were redu^W. " Wh#n:^nr^^^^^^^ 
very feminine, males no longer outperforiB fWiaTes. 

In a study using college students, Graf and Ridden (1972). 
found that 1t takes fenales longer to 'do a problem with a stock 
market setting than the Identical probl^ In i^^^^^^^^ 
buying yard goods at a fabric s tori, Gipaf and R'^ddiTl/ . 
that sex-role stereotypes lead glfls to pertel^e prtbleffls in 
a masculine .conte*ct to bg iwre diffteulit, jnd this piif^eptWn^ , > 
affects the speed with wMch problans are'*!olved. Thiiy suggest 
girls may do belter on a power test rather than e 'timed testi - 

studies are needed that manlpuTate various features^ of the item 
content, context, anff the factors to. determine, the de^ee'tti 
which test performance Is affected by sueh factors. Test per- 
formance is, howeverf a less crucial issue than course-taRlng. ' 
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ERIC 




Attitudes, Self-Confidencet and Valuts 



BiiHivloMs Influineid by many fBCtofs., Although behaviors 
„ ' e to situations I the attitudes and values a person 
iiTt evid to be relatively constant and are the forces 
ite behavior I To unders tand why a person behms a 
Wi^ iW a given s1tuat1on« one must first understand the 
f fl^tttiide toward the situatlpn, the person -s self-concept 
to the situation t and the values the person holds. 





|t*Of matheiiiatlcs achievement and Women one' must s-trlve 
pigi the ittltudes women have towards Mathematics > towards 
_ J5£li learn^s. of mathematics i and the values which help 
rf^9|e~fKese attltUd^^ 

Ae^ tudes ' 

^||r.^#lege poputatloiis sex differences In attitudes towards 
' '■^^^ ir fijfcve been found! (A1 ken, 197?i Alkeri and Dregeri 1961 1 
pMrti^ 1957). Males and f males, however* do not 
F#er i1|n1f1cantly wlth^respect to expressed liking 
I isi or ^rpfirence for matbemat 1 cs at compar Ad wl th 
# subdei^ts Irr the elminttry-ofi se^ndary' schooT years 
r97&i Ernest, 197fr^F^^^^^^ In ohe 

ilemeritary schee1-0r1s actually reported liking matHera tics 
^s did (Strlght, 1960) . Callahan (1971) found no sex 
'^"^'lii^ on a , coiiiposite questionnaire of a^^^^ 

Ss , but did find sex differences on a fiiw specif 1c Itinir, 
i^l^S' had a stronger dislike of word problems than boys, but were 
iiiiii titiity to f eport that they enjoyed the challenge presented 
by a "iMthematlcal problem.- . .> 

Why sex differences. are found at the college level, but not 
bef6\ae. Is unclear. Anttonen (1969) found a rather low correlation 
b^^n attitudes In elementary ichodl years with those In the hIgH' 
sill^p years. The stability of attitudes Is difficult to assess due to 
f jftwfyir In the measurement of attitudes t as well as changes 1n,the 
eoitfeentof iroithema ties (Aiken, 1970b ),' 




tjhether oK not sex difftrences In attitudes towards mathematics 
. arvToand at the pi*e-college level Is a function of the definition and - 
sM^stii^ o^ Nuprous studies have found sex differences In 

'%|l^i<^||i|esi^^^ as early as gradf seven, even 

fn^^m-presenee^of no sex differences on a general "statement ''of liking for 
;^iMi^tiet (Fox, 19 and Berglund. 1974). Thus, In the 

i^.^ sttltudes, perceived usefulness more than the-, expressed llklpg. 
- for milHemtlcs differentiates betw^ 

. V, A slightly different measure of attitude Is the attitude towards 
sel f as |*toarner of mathematics, or self-confidence. Erllck and 
LeS^d fflV) found striking sex differences In college students' 
setf-nifi^ of mathematical, scientific, mechanical and general 
p^bl^-soTving abilities. Fennema arid Shennan (1976) found sex 
dWelTitrices In self-cdnfldmce as a learner of math«natfcs 1n high 
fchdol populations, and Kamlriski, Erlckso^ and flradfl eld (1976) 



found sex dimrinces 1n silf-concipt' as early as gradt iight, 

Erntst (1976) riportid thit ilimantary school studints wirt likely 
to believe that members of their own sex were best at all iubjects» 
but in high ichool both sexes perceived boys as superior* Fennema 
(197TO) noted that girls' self^eoncepts tend to decrease with age 
and that even when girls are achieving better than boys In mathema- 
tics they tend to rank themselves lower In ability. Levlne (1976) 
repor'ts that guidance counselors notice that even when girls earn 
good grades in mathpmatlcs classes they do not perceive thfemselves 
as competent, ^ ^ ^ . 

The flndfi^g of sex dlff^^rence 1n self-cdnfldeMe Th MlM 
Is' consistent witfr general findings on sex differences In self - 
confidence* Although Maccoby and Jacklln (1974) concluded that there 
were no significant sex differences In self-conffdence, numerous 
studies do find sex'dlfferences with respect to particular^ task's, 
Astln* Harway, and McNamara (1976) said that men rate themselves . \ 
higher than women on academic achievement tasks while women rate \ 
themselves higher than men on measures of social competence. In 
general men and women tend to value men's efforts above those of 
woment especially In fields that are considered male domains 
(Etaugn and Rose, 197S| Goldberg, 1968i Mischel, 1974i Henken» 
linger and Aronow, 1976; Pheterson, Kusler, and eoldberg, 1971), 
Deaux (1976) has found that when men suceed they attribute their 
success to skin whereas Women assume th^ were lucky , not skill- ^ 

^ulT~^omen are more 1 IKely to seek t «c t1 vlTl errTh^^p^^ 

as requiring luck rather than skills, Thus» It Is not surprlilng 
that self-confidence with respect to mathematics differs for males 
and females* 

Attitudes and Achievement 

Attitudes towards mathematics, a^g measured by expressed liking 
on more complex quettlonnalres are generally found to have a low, 
but significant, correlation with achievement In mathematics at the 
elementary, secondary^ college, and post-graduate levels (Aiken, 1963)i 
r970a; 1970bj 1976 1 Aiken and Dreger^ T96li Anttonen, 1969), An 
Interaction between sex, and attitude towards matnematlcs, with 
achievement has been suggested by Aiken (1970bi 197(S)* Crestantrello 
(1962) found this to be true for: col ttge' sophomores* Behr (1973) 
found that mathematics grades were more predictable from attitude;, 
for girls than boys, iJackson (1968) concluded that very posltlvfl or 
viry negative attitudes affect achievement, whereas In the middle 
ranges ^of attitudes, aptitude 1s more potent than attitude for pri- 
dictlng achievement. ^ 



studies using expressed liking of nathematlcs as the attitude 
measure do hot shm the clear relatlonihlp of attitude to aQhlevement 
that Is found In studies using other measures of att1tudi« The 
Importance of the perceived useful ntsi of mathtmatlcs was dlscuised 
In a previous section. Self-confldince as a Itarnir of mathimatics 
also ap^ars to be directly related to courii-taking and achlevimant 
for girls* / 

S^rfflan and Fennema (1976) found a strong relationship betwtin 
self-confidence as a learner of rtiathematlcs and Intent to take 
advanced courses In high schteU In a longitudinal study of 500 
students In the Junior and senior high school, Kamlnskli et aU 
(igjey TouM tfiat MT w and f who had high self-confidenci 
with respect to mathaMtlcs did teke twelfth grade mathematics 
CQuries^ Boys with moderate self -concepts with respect to mathe- 
mtlcs also took the course* Girls with medium self^concepts 
tended to follow the pattern of girls who had low self -concepts 
tfid not take courses beyond the required level* 

It seenm. likely that a cerise of general wen-be1ng or self- 
confidence Is necessary but^not sufflcltnt for achlevtment In 
most academic endeavors (Adams and Fitts, 1972}* The exact 
relationship of self-image to behavior and attitudes Is not well 
known (Harwa^i et al*i 1976)/ 

A general measure of tfelf-esteem appears to be less clearly ^ 
related to achievement 1n mathematics than do measures I of self - 
confldenee with respect specifically to mathematics, Farley <1968) 
found no relatlons^p between general silf-concepts and girls' 
decisions to elect oi^ not to elect a tenth grade mathematics course, 
Cleveland and Bosi^rth (1967) found sixth grade girls whO: achieved 
well In mathematics scored lower on a measure of personal worth than 
those who achieved less well In arithmetic, SoTano (1976), however, 
found no sex differences In general self ^concepts of mathematically 
gifted adolescent boys and girls* The gifted studente had a some* 
what more positive self-image than did a random group of pdolescents* 
Helson (1971) found that women mathOTatlclans had high self-esteem, 

. With respect to* altitudes towards mathematics, we can conclude ^ 
that the perceived usefulness of mathematics and self -confidence as/ 
a learner of mathematics are attl^des which reflect strong sex 
differjinces, and appear to be rela^d to tht differential achieve- 
ment of the sexes ^as well as 'to theXabillng bf mathematics as a 
male domain* In terms of exprepsed H^lng for mathematics only 
the very extremes of feeling seem to be related to mathematics 
achievement and sex differences I ^ ^ ^ 

Math-anxiety 

The extreme of very negative attitude towards mathamatics 
has been called math^anxlety or mathimaphobia. Gough (1954) 
•says the concept Is self-defining and Tobias (1976) has described. 



It as Ml "I ean't" syndfoine appllfd to all situations Involving 
iMthaimtlcs. Tht concept 1s Intflguingi but at present research 
evidence abeut the nature and extent of the problem Is meager. 

The construct of a specific anxiety about numbers has b^n 
validated'. Oreger and Aiken (1957) developed a measure of numbejr 
anxie^ that- had a low correlntjon w1 th total ' scalf^cores for the 
Taylor Manifest Anx1e^ Scale*^ A second Instrument, the Mathe- 
matics Anxiety Rating Scale ^RS), has been developed and appears 
to be a measure of anxiety wlfh respect to matheinptics that Is 
Independent of measures of general anxiety (Richardson and Sulnni 
1972;"Su1nn, Edic, Nicoletti, and Spitiell 1, 1972). 

The evidence for sex differences with respect to math-mxiety 
Is unclear,- Maccoby and Jacklln (1974) noted that general anxiety 
appears to be more comrrfQn arnqng females, but Skrason and WInkeT (1966) 
suggest that glrTs score higher on nieasures of anxiety because 
they are more willing to admit their fears, qarey (1988) noted 
that men are less likely to admit a dislike of Problah-solvlng 
because tliey equate It with a denial of masculinity. 
■ ' Ki ' . ' "' ^ ■ ' ' 

Oreger and Aiken (1957) reported no sex differences on a 
measure of math-anxleiy among college students In basic mathematics . 
courses. Th^ fqund 35 percent of these students were math-anxious. 
Since they did not comment on the proportion of ma.les and females In 
basic versus advanced courses, their findings are^^not totalTy con- 
,v1nc1ng. Tobias (1976) reports more. f anal e% than males enrol ling ' 
In the ntath-anxle^ clinic at Wesleyan. Again, there Is the 
question of whether or not females are n»re afflicted with the 
problon, or simply more wming to admit it.' 

Hie fact that more woman than man avald mathemitlei eOMV'ies Iti 
high school ^nd^eollegi might be taken as Indlreet evldince of 
greater math-^xlety among females than males, Tobias says cburse 
avoldafiee Is, a classle syniptom of anxiety,. A rival hypotheslsHf that 
math-anx16us males are more likely to pursue the courses than 
math-anxious females , because th^ perceive the courses as more us.e^ 
fu1 or even unavoidable. JPerhaps math-anxious males are mora willing 
to pursue careers and majors' that require some mathematical training 
than are milth-anxlous femaTas« The reTatlonshIp of pircalved usaful 
hess and career choice to math^ahxlety Is not known* A stud^ Is 
naaded to astabllsh the base rates and davalopmantal history of this 
phob1a% 

An^dotal accounts suggest tMt the onset of anxlaty can occur 
as early as third grade and as lata as graduata school levels* It 
1$ loglcal tp siipposa that tha aarly adolescent years ara parti cu« 
larly critical, as th^t Is tha time when sex diffarencas saam to 
begin to be found on tasts ari^ the point at which mathematics bacomas 
more abstract « It would ba reXatlvely simple to test this hypothesis, 

M&th-anxlaty can apparently be reduced or allevlatad by therapy 
(Aiken, 1970bi 1976| Hyman, 1973i Tobias, 1976)* It may, howevar, 




#i£T«lucr tKe 1n5t»ncer of ; pravtntlva 
. such as the alimlnattpn of the sex-rola steriotyplng 
ciici ai.a imle domafn. The extant to which math-anxle^ 
by thrparceptlon of conflict betwaen competence In 
and famlnlnl'^ Is not doeumrirt^^ Although anx4ety^^^ T— 
ii^c'lcs nNiy not Ijf) every case bt a direct result of sex- 
" latlon conflicts. It Is likely that the sex-^plng of 
&v||k1|ft|j^f cir as a male domain by parents « teachers, and >eers results 
; /fp^ll;il£ciptance of nmth-anxiety In females as Inevttable or IrreTevant 
i^lil' ^^pjHf d^^ As long as competence In mathematics Is not 
''"■■jlm^ili'(ipi'-'^t''u§%fu^ or necestary by society, girls are likely to . 
ge t Titt le hel p to overcome their fears. - : _ _ ^ 1 ^ 

; and Bush (1976). have used the term "learned helplessness". 
Ill*:i^#1be the state In which girls may become- conditioned to 

Although tb^ do not cite specific research with respect 
l^^^^pitici* the. parallel Is clear. Girls learn to attribute their 
':^f^^;t6 thefr lack of ability, while boys attribute failure to 
;^iiriiCirt b#ond. their. control. ThuS, girls Itarn td av&ld situations 
trt whfch they might fall, while 

/, .. ■ . ■ ■ ' ■ •. 

- Un^foFtunately myich of the re^^^ In sex-role socialisation 
db^ not specifically follow the developmeift of mathematical com- 
.pe^ejQCji.l and conversely, much of the research on sex differences. 1n 
nat^iiltlcs has not used a longitudinal, and developmental approach. 
Xjhirtfffe, the data m the Influences of si gnificant .oth ers upon 
aptftudes towards mathematics, perceived usefulness Of mathematics, 
aM^ self-confidence as a learner of mathematics are sketchy. 

V yareh^a Influences on Attitudes 

V . " ■"" " ' ^ ■ V • 

\ Since attitudes, particularly very negative' attitudes, do appear 
\to be related ^ Achievement and course-taking, It Is Important to 
lUnderstand. how attitudes are Influenced by others. 

■\\ - ■ ' " ■ 




in a itiKjy of callegt ttudtnti, Psffinbarger and Nprtoh (1^59) 
fd)i|itf :£hat Idking fori>inathwiat1e$ was sighlfleantly rsTatid to ' 
t^iMtt' percaptlons- of fathirs* liking for nmthml|t1c§ and^fathifi* 



ifclons fdr thi gtudinti' earning a gradit'Of ^^or malii and 
_i^;6i^1Kid« Th^t wii no iiparatt analyili by |tx« (Tht 
N# at'Mtydt^graupt hoWtvtrs was 48 percint fiiniii» whartai 
i^at^vt a\t1tu^r'frou|J;was 6 famit, } \ 

A ^tud^T^^lken (1972) found tlttW;pwctpt^ of the fatherr' 
14Mng/of mathematics I having btin good Aithwntlcs students » using 
mathmttcs 1n the1r„ jobit and their prOfesilonaT^occfapatWh s^t^ 
ifert^lgnlflipantly relattd to positive attlf^et of boys* but not 
ftlfTs.^yf^r both boys and girls the pireeptlon of the erf tire family 
."^^^Kl^nSf R^^^ was ftlated to positive studin^ attitudes. 

/^rbanl^ (1968) » however » found no.slgnlfleant eorrelatlon 
bttwiin: facers* attltudei and attitudes of either sons or daughters* 
H1T1 (1967) also f^nd no relatlonsHlp^for fgthers and sons* Ifl. 



M^^,^0^-''^^si^t-&i^ v^ry slgntf leant sffect wal feund# 

Mfco^^ s«x*typiid iMthmatics as mascuTInt rathar than faMn^ni had 

irtiO it itt -i j fl t p c l nM t hpmwttr T' Tf n pri"TO< m m i I , [ hi l i i I h( t- whF had - . 
miietfllns 4^Mtat1^ for thalr sons had hightr sxpictatlons for 
nitfiMMLiles ptrftrinanet, Alas. Hill did not study girls i and no 
similar s^^ of thtt effect of sex-typing and expectations for 
daughters Wa$, found. 

Fcnnttna and Sherman < 1976) found sex differences^ n students' 
ni^v«ts of Others' perceptions of their offspring as a learner 
of Mth^tlcs In schools where there were also sex differences In 
achteVMnent awd tn perception of tne usefulne ss o f ma thewtfcr. 
Nretp^tlens of parental attitudes were alsrlT^TOcantly related 
to tte intent to take idvanced mathematics courses 1n high school 
, (Sherioan and FennMB t 1976). \ 

It appears that perceptions of fathers' expectations i but 
. not fi'thers' attitudes or professions are related to achievonent 
and coyrse-taking for girls. Presumably, fathers who sex-^e 
mthematlcs as a male domain are less likely to hold and convey high 
expectations for their 'daughters. - _ 

; ■ ' . ■ :\ ■ ^ ■ 

The research on the relationship of maternal attitudes and 
expectations to the attitudes of sons and daughters yieltfi 4 ' 
silihtly dtfftrent picture. . Boffenberger and Norton (19861 1959) . : " 
found that college smdenss '^>- perGep-Eion of mothers' ^pectatlonit for - - 
I high grade 111 mathenntlcs, but. not perception of the mothers' 
liking f Oft mathematics, was significantly related to positive atti- 
tudes for males and females. Aiken tl972), however, found the 
perceptions of the mothers' liking for mathematics and 'mothers' 
level of education (having graduated frotti high sciwoT) were related 
to positive attituded In girls, but not boyi;, .Fdr boys, however, 
the perception of mothers' earning high grades In mathematics Vras 
related to positive attitudes. Surbank (1968) found a relationstitp 
between maternal attitudes and attitudes of both sons and daughters. 

Fennema and Sherman (1976) found sex differences In perceptions 
of mothers' perceptions of student as a learner f| mathematics in 
schools i^iirt there were alsd.sex differences In achievement and 
perceived usefulness of ma^thematlcs. Intent to take advanced cburse- 
work was also related to students' perceptloni of imternal perc|^ons^|^^,ri 
(Shermah and Fennona, 1976 >. !, "^C^^ 

■ _ ! • i - 

Thus, for girls, perceptions , of parehtal expectations and mater- 
nal attitudes towards matbematics appear to be Important. It imuld , 
be tnteresjting to , know to what extent the sex-typIng of mathemitics 
as a male domain influences maternal expectations for girls. Perhaps 
nothev^ who had a favorable attitude* towards mathanatics themselves ' 
* are less -likely tot=sex-^pe mathwatics and, 'thus, 
have high expectations for daughters, . * « 

there appears to be no singU. study which has measured al,l the 
relevant diminsfons to unravel the reUtlohshl'p of parental sex- 
typlng, expectatfons, encouragement ana child behavior,. It" would 
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bt li«Tpfu1 to hava I stucty whieh measared all the following varlabli! 

1. Attitudes towafds mtheiratles for both parents (Including 

perceived usefulness of mathonatlcs for daughter) 
2^ Nrtntal expRtat1«ns for child's pirforra v 

3. Parmtal sex-^plng of math vn tics 

4. Parental estfirate of oiffl ability, and report of 
parent achlevonent ^ 

5. Education and occupation of parents ' — — 

6. Student ! s att^ludes towards mathematics (Inclu 
percelyed usefulness of mathematics) 

7. Students' self expectations 

8. Stodents' self -rating of ability - 

9. Students' sex-typing of mathariatlcs 

10. Studmts' career asplritlonsv ° 

11. Students' actual achievement 

12. Studints' aptitude ^ 

13. S^dfnts' perceptions of parents' attltudel 
14^ Stwiiitt' perceptions of parents' expectations 
TS, iMtnts' perceptions of parents' ability 

" . Sti^ents' expected and actual course taking 

"^des 9 -12. ^ 0 

\If aliof thtst varlablis wert iiiesstdp 1t would provldt smtt 
IntA^itlng Insight Into tht Impact of pirtnti upon tht mithginatlei 
aehfieytintnt of thtir chlldrtn. In too Many studlts thi ch11d*s 
parcieptloni of parintal vltws havt bfih Inttrprtttd as thoi^h they 
art thi actual vjews of th# parints or tht construct attitude Is ^ 
not clfearly defined,^ and rneasurei of achltvMwnt vary. The inttr-^ 
I pli^ of all th tte varlablii netdi to be explained more darefuHy* 

Teachar Influences on Attitudes v 

It A% generally believed that the child's m%% formative years 
In terms of cognitive abllltleSi personal l^r valuts, antf sex^role 
Identification are spent In the homei not Inrthe school. As the ^ 
chfid moves Into ado1es€en€e» thtf pefr groiw begins to take on a 
stronger social iilng Inftuence tiian aven the fmlly (CoTeman, 1961). 
Thus, teachers and the school system» by thmiseTves« may have only 
moderate Influence upon the child* Their pmeri to Irffluence may be 
s^engthened or weakened In ^ccordifnce with th^ 'degree to^lch 
thay work with or against these pthjir more primary soclalliers* 

ThuSf It Is not furprlilhg that PoffefW^efger and Norton (T9S9) 
concluded that teachers have relatively little Influence on the 
deyelopment of students' attitudes towards ma^emptlcs and ^at 
self-concepts with regard to matHematlcs are welT establllhed by 
the Influences of the parents /In the pre^ and early school years. 
Their mn dato, however » do not seem to fully wariwit this con- 
elusion. Retrospective repprts pf students did Indicate some 
influence of previous year teachers on attitudes; . ^ 



In i f§v1»tf of the Tlttriturt In 1970. Aiken (1970b) noted 
the prob1«n of Inftfrlng causal relationships bitMten ttachtf 
attltudei or behjvlors and student attitudes and achievement. 
In a §tu4y In 1972, Aiken concluded that teacher attitudes do 
Influence itudent attitudes « Student perceptions of math^atlcs 
teachers a§ negative and demanding were significantly related to 
negative attitudes In both sexes Positive feelings towards 
mathmatlci were associated with positive feelings towards the 
teacher for boys, more often than for girls* Girls appear to be 
able to like their mathematics teachers whlle^ simultaneously 
rejecting the subject (Aiken, 1972; Pofftnberger and Nortont 
1959). , 

In a review article on attitudes and rnathematlcs In 1976, 
Aiken concluded that the belief that teachers' attitudes affect 
student attitudes towards lAathematlts tas been difficult to 
confirm, Starkey (1971) concluded that the effect of teacher 
attitude and behavior on student attitudes and behavlori vary 
greatly from teacher to teacherr ind student to student. 

Although there 1s little evidence. It does seem that teacher 
beTlefs about sex differences In mathematics, and their supportiv 
or non-supportive behaviors, can affict girls' achievements and 
attitudes In mathematics, (Additional evidence on the Importance 
of teachers Is discussed in jthe section on significant othitrs,) 
Ernest (1976) reported that 4l percent of a small sample of 
teachers (printtirlly female), believed that boys do better In 
mathMatlcs than girls, while no teacher felt that girls did 
better than boys. Clearly, this type of attitude, which Is 
different from the teacher attitudes typically sttid1ed» Is 
likely to Influence behavior. In the Wisconsin study, the 
perceptions of teachers' V^lewa of the students as iMrners of 
mathematics were significantly related to Intent to take addl^ 
tlona^ courses, but were not obviously related to sex-differences 
of the achievement tests (Fennema and ShermaQ, 1 976 i Sherman 
and Fennaiai 1976)* ' 

A study by Bean (1976) reported differential Interactions 
between teachers and male and female students In high school 
mathmattcs classrooms. Teachers 1n1t1|ited fewer Interactions 
with females than males. Females also Inltllted fewer contacts 
with the teacher than males,- Perhaps some of this differential 
Interaction is related to teachers' and pupils' perceptions* 
In a study of twefve schools that had twice the natural percen- 
tege of girls enroll ed In advanced placement calculus and pt^- ^ 
sics courses KCasserly (1.975) found that teachers of these 
couries had actively recruited girls for the courses* Th^ also 
expected and encouraged bigh levels of achievement* Self-ra^orts 
of women mathematicians emphasize the Impact of an encouraging 
tetcher jLuchlns, 1976). Fox (1974b, 1976b) found that some 
teachers actually ridiculed girls who triid to accelerate their 
progress In school, Solano (1976) found that teacher stereotypes 
oft MtheTOtlcally gifted girls were considerably less favorable 
than teacher stereotypes of mathematically gifted boys. 

-34- ^ 



Qiirtf'it^fei^urt ori ittltudes ind txptdutions 
~„ — ha» fallid to show conclusive rtsults (Aiken, 19^ 
.floSM^iin 4tid Jtcotison. 1968). It seems that much more researcti 
nel^^ |i«rt1cularly research relating speclficany to sex^ 
jpi^t It#eetj^1gn by teachers. Even Women mathematics teachers 
no& be providing girls with the same encouragement as they 
do Itementary school teachers who are anxious about 

ttHtfMnatlcs themselves .may be more potent negative modes! for 
girls than for boys.. 

Peer Inf luinces on Attitudes ' 

^ Ttaeher'* attitudes may be less patent than those of peers. 

Onfortiinately, there are relatively little data. Shapiro (1962) 
fountf ii^t peer attitudes In elementary school are determiners 
of ^tttudis towMPd mathematics, especially for girls. In a , 
siti#^adtttescents, Poffehberger and NorAfin (1959) argued that 
piif-ffi;^P Inf luenee helped tft relnforce^ready developed 
^ffulfis*'- Mo discussion of sex dlfferencei^ was provided. 
Ani^dMil aicounts of gifted girls suggest that girls fear re- 
lee^ioh by peers '1f ithey appear too bright In mathmatlcs. 
SdTano (T976) found that student stereotypes of mathematically 
fIftM girls were more negative than those^ gifted boys. 

rt se«ns likely that social class insy also related to peer 
perceptions. Entwisle and Creenberger. (If 72) found blue-collar 
adole^f^nt mau^ to be the mos t liberal towar ds career aehleve- 



■«gnt Of women. The taking of advanced math«natlcs courses may 
be;,i»Qre normative for boys and girls In schools that have high per- 
centages of college bound populations. An analysis of already 
existing data banks on high school students who apply to colleges 
and take examinations, sudi as the Scholastic Aptitude Tests, 
might provide some clarification of this Issue. 

Other School -Re Itted Influences on Attitudes . 

Clearly, the stereotype of mathematics as a male diom&ln 
is prevalent In media, textbooks, and tests. There Is ho 
ri^earch, however, which shows how these faiitors Influence 
,g1lr1^* attitudes towards mathematics as a male domain, or their ^ 
ac^il achleveinent and course-talking. Continual exposure to 
ddtes abo^ women's poor mathonatlcal skills, and the portrayal 
of fflathematlcs as a male domain do shape girls' attitudes.- 
Ifrls who do like mathematics must feel some sense of conflict 
liT ll^presslng such urifemlnlne Injterests, . 

' In geiferaT,frthe reports suggest that neither eurrlculum 
nor sp^lflc teaching strategies have significant tf fexts on 
attitudes. Aiken (1970, 1975) reviewed the literature on 
attitudte change as a result of specific curriculum, such as 
SMSi, UlCSH, Ball State, etc., specific teaching strategies, 
or the use of motivational devices, such as calculators and 
cfcmputertf. Many of the studies do not analyze the attitude 
change separately for girls and boys. Lack of significant 
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findlrifli lo sane, studies be due In part to failure to control 
for othtr rti event factors. For examplt, Devlne (t967) found 
that tiacher expirlence Interacted with Instructional approach. 
When the teacher of a progranined course was Inexperienced, , 
achlevemtnt was equal to a tiacheM tree ted comparison cliss, 
but negative attltudis towards mathematics developed. When 
the teacher was experienced, achievement was Tower, but attitudes 
were not affected. 

Aiken's (1970b) review' of the literature on attitudes towards 
mathematics reported that studies of abnity-grouplng had not 
found this practice to have significant effect on attitudes or 
achievement. More recent §tudfeg (Rrnriy^ xmt 



Fox, I975b| 1975e; 1976a) suggest that abnity-grouping may 
affect course-taking behavior of-glrls. It sems likely from 
' these studies that ability-grouping il one Is not enough. Other 
factors that may Interact with ability-grouping for girls are: 

^ 1. pace of Instruction and level of content ' ' 

2. duration of the tracking, and some social aspects 

of the situation 

S, number of flirls In the program 

4. teacher thiracterl sties and behaviors 

5. parental and peer support 

6. ittltudesi Interests, and -values of the studenr^ 

, What U needed are studies which Identify teaehlng strateglei 
or curricula that affect girls' attitudes towards the usefulness 
of mathematics" and their willingness to taki advanced courses. 
A study at WelTesley (Sch'aefer, 1976) Is experimenting with a 
special mathematics curriculum *f or freshmen that Is radlcallf 
differint from typical mithanallcs programs. In this study, 
^ the importance of social and aesthetic interests of women has ' 
been considered. The evaluation Is "not completed. If this 
proves successful, similar studies with younger populations would 
seem warranted, ^ 

Changing Attitudes and Behaviors ' 

f. 

In a small pilot study of a career education and skills 
course In mathematics. Fox (l976d) found that glrTs' attitudes 
towards mathwiatlcs became more positive after the program. 
In this program i-y emphasis was placed upon the application of 
inathOTatics to social problems and art. Farley <1968) found 
\ that girls who were not given • choice with respect to tenth gr^de 
\^thOTat1cs. becaiM more favorable towards mathemitlcs than girls 
who had the* opportunity to elect or not elect the course. In 
general, however, it may be more efficient and effective to modify 
behyipr directly rather than attitudes (McGuire, 1969), • • 
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Iciitly gifted seyenth-artdt gifts who ^artlcipit^ 
'!il|i$iritad algebra progfani were .significantly more 
iiiasi In their mitheinatlcs progress by the end of the tenth 
^. tl^ir^trt the girls In a control group. TKfc experimental 
ri'wefft not» however, more favorable towards mathematics or 
to#{c«1 careers after the special class, or three years 
(Fox, 1976ei 197fif). Thus, changing the behavior had.llttli 
fi0t upon the. exprested liking for tnatheinatlcs, but still 

lllshed the more Imporfant goal of wwdjfylng course-taking 
ivtor. 

; Car ^ tl9S7) found significant sex differences In attitudes 
towards probTm-sol v1 ng as well trpirformiTTce on probl em-sol vir 
tiiki. After Intervention, a disctrsslon session to Improve 
«bt1tudes» problem-solving behavior Improved for the women but 
not the men. Attitudes, however, did not change for either sex, 

A limitation of the studies of attitude change Is that they 
have ^ir genifal not focysed m specific attitudes of percelvedv 
uiefuYhess -of mathematics and perception of self as a learner of 
mLtheinatlcs. Perhaps when behavior Is changed. It Is these 
iittltudesi not expressed 11 king for mathematics, problem-solving, 
§r Specific career choices, that are affected . More research 
Is needed* 



n 



Values 



On the basis of a review of the literature on several measures 
ttf social orientation such as anpathy, response to social felnforce- 
ments. proficiency In Imitating models v ahd amount of time spent 
In Interactive social play, Maccoby and Jacklln (1974)- concluded 
tftat the belief -that girls are more "social" thari Jhoys was unfounded. 
Th^ did not cite, however, the studies of social laltrul Stic) 
value orientation versus theoretical (Intellectual) value orientation 
among adolescents and adults. 

ilumeroul studJjes report sex differences- on the value scales 
flf.wig &n port- Vernfln-Llndzev Study Of VaTues . Indeed, In most 
Studies women score higher than men on tne social , aesthetic, 
and religious scales and lower on the theoretlcali econwnlc, and 
political scales (Allport, Vernon,, Lindtty* 1970), Differential 
Vftiue proflies are related to educational and occupational' , 
elbicf. For example, the profiles for female medical students • 
a^-i distinctly different from fonale graduate students. In business 
or nursing, or art students. , '-f ,^ 

High scores on the theoretical scale are associated with 
Interests in science and mathematics. HacKlnnon (1962) found 
hfgft scores on both theoretical and aesthetic scales to be typical 
of creative Mthematl clans. Studies at the Johns Hopkins University 
have found high theoretical scaTe scores to be characteristic of 
mathenatlcally precocious adolescent males (Fox, 1976gi Fox and 
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DeBhan, 1974). Hithimatlcally gifted girls weft mori likely than 
the boys to have high social or aesthetic" scale scores. Differential 
values seoned to account for some of the observed sex differences 
in Interest In mathimatlcal acceleration and careers among 
a«idan1cany talented youth. ^ 

Although it Is possible to measure values of gifted students 
as early as grade seven (Llnsenmeltr, 1976), there are no studies 
Of the devil ojpent of value orientations as measured by the Study 
fifValim from early adolescence to adulthood. One study of 
stabll Ity of values for college studints between, the freshman year 
and graduation foifpd the followlngi First, values appeared to be 
very stable over tha col leg e yearb , dl t hough there ^ w a ^ 
tendency for aesthetic value scores to Increase and religious 
value scores to decrease; second, values of students In specif 1e 
maaors were similar; and third. Individual values shifted slightly 
to become even more like the major group profile (Feldnnn and ' 
Newcomb, 1970). These results are consistent with other studies 
of personality which suggest that personality formation occurs - 
early and Is not highly flexible and fluid. Value orientations 
art not ^likely to'be as amenable to change as are attitudes. 

Influences Upon the Development of Values • 

* 'Few studies have examined the reUtlonshlp between parents 
and children on the Study of Values . Fisher (1948) studied 
eoHef e-stude^ts and their parents and found that students' values * 
profiles were more simtyr to their sap-sex than opposite-sex V 
parent. Gray and Klaus (1956) found that both college males: % 
and femffles had pro«l#s mow llke^iielr mothers than their fatheri^^ 
Females were more 11^|Lbotb parents than were males. In a study 
of mathematically glftHk adolescents Pyryt (1976) found that pro- 
files of boys were more like their parents- profiles than were 
the profiles of girls. Although boys' profiles were more like 
their fathers than were gtrls, girls -were not significantly more 
like their mothers than the boys. A very small number of |lrls 
and boys had become accelerated In mathematics. These students 
had profiles like their opposite-sex parent. 

It Is interesting that the profiles of mathematically gifted ' 
females In the Pyryt study were less Hke those of either parent 
than were females In the college samples. The small number of 
students In the study makes general listlon difficult. 

It Is surprising that therdls so little research on, the 
devleopment of values and the rtJatlonshIp of values to learning 
environments. Perhaps values h^e seemed to be too persona.1 or 
too political to be explored. It seems logical to assume that values 
are developed as a result of learning rather than by purely bio- 
logical maturation. The fact that males and females tend to develop 






vitii profiles sugtists that the linpact of 
iti^i^^oHdltlonlng. tt ivould seem important to 
ibMt thi proeess of value develofment and Its 

indKjBdBcatlonal Stifateales . . 

l^faT value scale of the Stu^y of Values Is a measure 
^fw lohcirn for peopli rather than a measure of sociability^ 
1^ gpio siecii^e high on this value scale may find mathematics 
li^ IfMtr mphasiie the theoretical and abstract nature of 
IHpteSt^ IMS Interesting than courses which emphasize the 
ll^vf mthanitlcs. 

■--^^.'■f.-i-'istmj^^ there are flo riports of proflrams that have studied 

^mei^ Intera'cilon In science and mathematics Instruction. 

liilfll In mathei|at1cl are even more Tikely to be dlrectTiy 
^j|^u^4nterest\ correlates of sex-Identity than to. Inriate 
^Ijllopltlve correlates. Research of this t;yipe Is soi^ely / 
ferKa|s boys have low theorttlcaV values also urider- 
^^'tn iMtnenattcs programs Mat have theoretical orlentaildns. : 
liis^liitlonal strategies that recognlie and adapt to differing 
lyiiiigi and Interests might faster greater achlevment for both 
mstyt and girls.- . . 

iftdwledge of the value orientations of stiidents and their 
inrilRts might be useful Information for 1dent|fy1hg girls and 
boys tfho may not enjoy traditional mathen»t1cs class^si or who 
^^iW-^^^ve little parental support. Three pf^gram 1nip|1cBt1ons , 
tMT^ mlnd. Girls who have low theoretical^ value orientations ^ 

PeS^pohd. dtfferenttally from girls with. high theoretical 
-"■^^^^ion, to various kinds of mathematical experlencies^ The 

fht be nore Interested ^fn learning mathoiatlcs If ^t were 
i§ys to ^phaslz^ social or aasthetl c app tcatlvns, as 
111 Hell esli^ does; Sectihd, girls who ^e i^m^te 
sfsltcal orientations may be those who ale ri»||^;|^ 
i^pond to. caraer education efforts and encoOTagment 
Mj#^tn more tra^tlonally sclin^ . 
p^ile values are riot highly theoretical, but who have 
' Mly talehted children, might benefit froh fantly 
pri^raini aimed- at Increasing their recog 
vand nuturahce of mathmatlcal or scientific talent 
and liitirests of their children. «' 




. 5. Educational Policies and Practice! 



The very fact that fewer iMthema tics courses are required In 
schopll than are courses 1n Engl ishi or even sometimes social 
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studieror physical education, rafltcts the belief that mathematical 
cof^itfTiCi may not be neciisary for eviryone. Although it does seem 
true that not all students are capable of mastering advanced courses, 
s^h as calculus, perhaps girls who are capable of learning it should 
not be allowed to omit It from their programs. If four years of high 
schopl mitheTOtlcs were required, perhaps more girls would take the 
advariced courses. In a comparison of girls In schools that required 
a third year mathematics, course with those in a school that did not, 
Farley (1968) found that the gtrls who were forced to take the course 
showed improved attitudes towards mathematics, whereas girls who 
elected the course did not. A seventh grade Intervention program for 
gifted girls also had significant results (Fox, 1976e), Girls who 
became accelerated in matheTOtics by one year as a result of a 
special summer program continued to accelerate by the end of the tenth 
grade* A control group of girls was not equally accelerated. Yet 
the control boys had become accelerated, presumably by virtue of 
their own initiative and encouragement from parents and teachers. 

. s f 

Although It may be difficult to mandate the advanced courses, 
current teac)ier and counselor practices, should clearly be changed. 
Teachers and counselors should make a concerted effort to Identify 
and encourage girls who have the ability to take the courses. 
Perhaps the implementation of accelerated mathematics programs 1n^ 
the elementary and Junior high school would foster greater coursed 
taking in the high school and college years, 

, Programs for ^he gifted, especiany the rathematlcally gifted, 
doappear to make a difference. Casserly (1975) noted that many of 
the girls enrolled in the advanced calculus and science courses felt 
that their induction Into special gifted or academic tracks as early 
as grade ;four had been a major determiner In their taking the 
advanced courses. Special accelerated nrathematics programs initiated^ 
In several school systems in Maryland appear to be highly successful 
Irt accelerating the mathematics progress of girls, particuliirly when 
the program is integrated into the basic school program (Brody, 19?6; 
Fox, 1975e^ 1976f). 

The acceptance of programs for the gifted at all school levels 
would also be useful for Identifying girls for whom career education r 
programs that emphasize professional career areas would be most 
appropriate. Once girls are identified as gifted and tracked Into 
advanced^ Ind accelerated programs, they may be likely to raise their 
$elf*expectat1ons, and expectations of their parents, teachers, and 
counselors may be modified. Such programs may relieve girls of the 
pressure to defend a choice to pursue the advanced courses. 

Special programs and advanced courses ire Hkely to be most ' 
beneficial to girls if the number of girls does not become too small. 
This has been noted by both Casserly (1975) and Fox (1974a; 1976a). 
The exact number of girH heeded to form a "critical mass" is not known 
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Nor do all girls shy away from being the only girl In an othirwise 
ill-malt class In school* The inclusion of a siziable number of 
girls, however j does stem to make a difference. Fox (1974bj 1976c) 
found that girls were far more eager to participate In an-girls 
accelerated cTasies than In ones where there were very few girls; 
jln mixbd-sex classest 1f one girl drops out, others may soon follow 
(AngelL 1975). Casserly (1975) noted that girls In advanced place- 
rent courses cited the need for a female peer cohort for moral support 

Whether or not all-girl schools or classes promote greater 
achitvement arong girls than mixed-sex groups Is not clear. Hurley 
(1964> 1965) found that scores on several achievement measureSi 
including arithmetical concepts, Improved for fifth grade girls 
after one year of a same-sex class , but no Increases were found 
after the second year. The reverse was true of males In all -boy 
classes; Although teachers felt there had been significant changes 
In behavior of both boys and girls In same-sex classes as compared 
with mixed-sex ones, especially in terms of less sex role stereotypic 
behavior, the bpyss but fsot the girls, liked the sex-segregation. 
Although Fox (1974b", 1976c) found girls more willing to participate 
in all-girl accelerated mathematics classes than In mixed-sex ones* 
achievement was not notably better. This may have been, in part, 
because of the different selection procedures used. The girls In 
the all-girl class were less highly selected than In mixed-sex 
comparison groups. Husbands (1972) has argued against sex segregation 
on the grounds that separate rarely can be separate and equal. There 
is a danger that science and mathematics courses in all-giri schools 
will be of lower caliber than in all -male schools. The data are not 
strong enough to warrant mandating all-girl classes as part of a 
regular program , It may be, however, that for career education 
purposes and special acceleratlve or remedial programs, all -girl 
classes will be more successful than mixed-sex ones. For^ example, 
remedial mathematics programs at the college level may be more sue* 
cessful when all-female groups are employed (MacDonald, 1976), . 
Further research Is Indicated, but the restraints of Title IX may ^ 
be a problem. Although Title IX may Inhibit some research efforts , 
by and large it will probably reduce some sexist practices, such as 
all-male schools that emphasize science and mathemitics. 

^ The sex of the teacher is probably totally irrelevant to the 
S4icctss of girls in regular or special programs. The attitudes of 
the teacher my however, be very Invortant as found by Casserly (1975). 
The continued use of textbooks and tests that reflect sexist. bias, 
however, should not be tolerated. Even though there Is a lack of 
direct research evidence to support the negative consequences of the 
use of such materials, the implications of the bulk of the research 
is that the prevailing stereo^pe of mathematics as a male domain 
inhibits achievement of femles and must be discouraged. 

A final educational practice that works against the achllvernent 
Of women in mathematics is the failure of many, if not most, 
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educational institutions to provide career education programs and 
counstling strvlcts that seriously consider the special needs of * * 
women. Soma general insight into the problems of sex discrimination 
of schools and counseling 1s provided In a series of reports. 



Conclusions and Recoranendatlons 



Thtra are typically three general hypotheses offered as 
explanations for male superiority in mathematics (Alkens 1976). 
The first Is that biology 1s destiny and genetics not Interests * 
effort* and cultural expectat1oj» and conditioning account for sex 
•idiff trances, Thtf second is tfciK_psycho logical masculinity is required 
jjfor axcallance inl mathematics. The third Is that tha sex-typing of 
imathematlcs as ma^ullna rasults in diffarential axpactations and 
■socialization pract4ces for boys and girls with raspact to achiavement 
in mathematics- TheS^>st hypothesis was not addressed in this review 
of the literature* Tnfe. second hypothesis was not strongly supported 
by the literature. The>±h1rd hypothesis does appear to be strongly 
supported by the existlngSrasaarch* 



Conclusions 



Despite tha lack of longitudinal studies i particularly ones \ 
that assess tha multi-factor nature of tha issue, and the confusion 
of terms, the' bulk of the avidenca on sax role socialization and 
mathematics achievement points in tha same general direction, ^oman 
achieve lass in mathematics and science than men in terms of careers 
anjJ on tests partlyi if not totally, bacausa that Is what society 
axpects and ancouragas. Subtle and not so subtle messages that ^ 
mathematics 1s a mala domain are given to girls and women by parents » 
peers, aducators, and soclaty at large. Although the penalties for 
trespassing into the male domain are not so severe as to threaten 
Ufa or limb, they are harsh enough to deter all but the most Intrepid 
souls* Soclaty encourages girls to believe that there is a conflict 
between the ideal, feminine role and adult achievement in careers, 
particularly in mathmatlcs and the sciences* 

Sex differences In adolescence and adulthood on mathematics 
tests and career choices appear to result, at least 1n part, from 
the differential pursuit of mathematical experiences, notably course 
taking In tha secondary and, postsecondary school years. Diffarencas 
in course-taking for the saxes Is both causa and effect* ATthough 
sex differancas In course- taking may not explain all tha observed 
sex differences on tests of achievement and aptitude, 1t is by 
itself a major achievement difference and contributes heavily to 
diffarencas In adult carepr options* The raductlon or elimination 
of sax differences In course-taking should lead to dacraasas In sax ^ 



difftrances on other measurts of achltvement. Even 1f coursi-taklng 
could ba rada constantp some sax differences might still exist as 
long as the underlying causes of differential course-taking are left 
unchanged* To reduce or eliminate sax differences In achlivement 
In mathwiatlcs we must first understand the social conditions that 
foster differential Interest 1n the pursuit of mathematics iducatlon 

Two factors^ that have bean found to relate directly to sex 
diffarancas In course-taklng are the perception of the usefulness 
of mathamatlcs for careers and the support and encouragement from 
significant others. A third factor that also appears relevant but 
for which there Is less direct research evidence 1s educational 
policy and practice. Underlying these three factors and a factor 
In Itself Is the perception of mathematics as a male domain. 

Perceived Usefulness of Mathematics 

Sex differences In the perception of the usafulness of mathe- 
matics for adult life has been reported as early as grade seven* 
the aga at which sex differences on achlevamant measures are 
typically first found* It Is quite likely that these differences 
actually develop far earlier than grade seven. This does not ' 
appear to have baan researchad. It may bet however t that the 
pcircaptlon of the usefulnass of mathematics Is also Influanced by 
the fact that the nature of mathematics appears to changa from 
arlthnetlc skills and concepts to more abstract algebraic and 
gaoTOtrIc concepts at the middle-school years. The pre- and early 
adolescent years ara also those in which the awarenfis of the 
social and blologlcaT differences between the saxes becomes a 
cruclil forca In the development ©f the child. It Is at this 
point that awareness of sex-role appropriate behaVlof Is likely 
to become quite potent In Influencing behavior. It Is then perhaps 
not coincidental that In adolascenca many girls begin to perceive 
thenrnjelves as less competent than boys in mathematics. The 
perception of the usefuTness of mathematlcr appears to be related 
to the perception of mathamatlcs as a male domain and to some 
genaral beliefs about appropriate caraars for women. 

Sex diffarancas In career Interests and aspirations are found 
as early as kindergarten. ^ In fSneral girls are less oriented to 
caraars other than homemaker than boys and those who are career- 
oriented are less likely than boys to be Interested In professional 
caraars In mathematics and science. It Is not too surprising that 
girls perceive inathematlcs as less Important for their future than 
ido boys. Some g^rls who are career oriented may be prematurely 
salf-salecting themselves out of mathematics courses because they 
afe unaware of the true relevance of these courses for the caraeFS 
In which thay ara intaraited. Ignorance ah i the Importanca of 
mathematics for many career areas Is parhaps a result of the Jack 
of adaquate career education programs In the schools as well as 



Ignortnci or sixlsm on the part of counsilors> teachers and parents. 
Lack of intiRtst 1n cariiri In gineral stems to be a result of thi 
compltx ioclalliatlon proctsi during which girls learn to pircelve a 
conflict batwtn aoRlevement (carairs) and the feminine rolt'of wife 
and TOther despite the fact that the great majority of today's womin 
do Indeed ipand some ti™ In the labor force* The avoidance of 
profesilonal and tecNilcal careers * particularly In mathematics. Is 
also a result of the lack of avallabla women role models and the 
$tereotype of these career areas as unsocial. Why women appear to be 
more oriented towards social and aesthetic than theoretical and 
economic values and careers Is not totally clear. Society* particularly 
the slfrtlflcant others In the child's life, appears to reinforce If 
not cause these differences. 

Support from Significant Others 

ilrls' decisions to take or not to take advanced courses In 
mtfthematlcs are directly Influenced by the advice of significant 
others. School counselors, alas, are likely to discourage rather 
than encourage girls to take the courses or to pursue careers In 
mathematics and science. Although the Impact of a non-iex1st Jind 
Inspirational teacher "may be greater than the Influence of a counselor 
upori a girl's perception of self-relative. to wathematlcSi teachers 
are by-and-large likely to believe and reinforce sex-role stereotypes. 
Girls may be even more sensitive to peer pressure than to the 
Influences of educators. Whether or not their perceptions are 
accuratei girls seem to believe that excellence .In mathematics. Is 
socially undesirable. Adolescents do appear torhave a more negative 
Image of mathematically talented girls than boysLand giales, 
particularly white middle-class males, do not appear to be supportive 
of aphlevement for girls. Girls tend to orient their career 
atplrations In keeping with their perceptions of what males will 
tolerate. On the other hand, support from a strong <P©fcale peer 
group may enable girls to deal with male peer pressure when 
selecting courses and careers « Although all -girl classes may be 
unacceptable under Title IX and not totally acceptable to many 
girls I the sex-^ ratio of a mathematics class my be an important 
factor In glrli' willingness to take advanced or accelerated 
mathematics and science courses^ Peers, teachers and counselors 
may be less potent as changers of attitudes than as relnforcers of 
attitudes already shaped by the home and society at large. Parents, 
particularly fathers, play a crucial role, directly and Indirectly, 
In the development of attltudesi career Interests and decisions to 
elect or not elect courses In mathematics. 

Although there may be t great deal of similarity In the early 
soc1al4zat1on experiences of boys and girls, parents often have 
lower educational expectations for daughters than for sons. Parents 
have the earliest Influence upon the child's concept of self and upon 
the child's perceptions of sex roles and sex- appropriate behavior. 



If parents sex- type mathematics and related activities as masculine. 
' this view Is communicated to the child. Parents do tend to reinforce 
sex-rele stereotypes In their choice of toys and In their greatir 
acceptance of low levels of achievement In mathimatlcs for daughters 
than ioni. The attitudes and expectatlonf of the father tnay be more 
Important than those of the mother since the father Is more likely 
to be the parent who exhibits Interest In mathematics and science 
and to whom the daughter turns for help with mathematics homework and 
advice about course** taking. Mathematical competence appears to be 
adversely affected by the absence of the father for both sexes. If 
mothers, however i 4*^6 strong models for career aspiration and 
competence In mathematics, they may have a potent effect upon their 
daughters* attitudes and career orientations. The fact that little 
girls often perceive women only as homemakers appears to shape their 
expectations for their own future roles • 

Identification with the mother br father does not necessarily 
exclude or foster competency In mathematics. The nature and 
Importance of a female chltd^s identification with either the frorer 
or the mother or the generalized masculine or feminine role with 
respect to achievement In mathematics are not clear. What seems, to 
be a most promising explanation Is that famales who have very 
feminine orientations can succeed In matliematlci or pursue a mathe- 
matical career If these activities are not perceived by them as 
Incompatible with the feminine role* If the females perceive these 
activities at masculine then they' will succeed less v^ll In them 
than males unlesi the females have a masculine or' at least. androgynous 
role orientation. The argument that Identification with an abstract 
masculine role by boys promotes an analytical cognitive styli does not 
sem to be supported by evldeibe. Clearly more research Is heeded to ^ 
untangli the Issue. of masculJ^lty-femlfrlty dlmenilons of psychological 
Identification and mathematical cbmpetencei 

There Is also surprlsllgly little direct research on the Impact 
of specific child-rearing pactlces upon the development of rathe- 
matlcal competence or care|r orientations In girls* The research 
suggests that those wac^es which foster Indeptodence and self- 
reliance also foster l^^ftence in mathematics whereas chlldren^who 
are over dependent oi^ who have Interfering and demanding mothers may 
develop discrepant verbal and mathematical abilities* Many of these 
are based on samples of children selected for their discrepant 
ability patterns without studying the ability patterns of the parents 
to control for possible hereditary factors. Studies do Indicate, 
however, that parents of boys are more likely to emphasize achievement, 
competition and control of feelings while parents of girls stress 
Interpersonal relationships, affection and protection* While It 
seems logical that these parenting practices will eventually lead to 
less Intellectual risk-taking on the part of girls than boys, there 
Is no direct evidence as to the Impact of these practices upon the 
development of mathematical ability* 



Thus while there Is somt Indication that parents art the most 
important influanct.upon the development of the chlld's-vitw of self 
and the worldi the exact dynamics by which the child learns sex-role 
. appropriate behavior from the parents is unclear* Nor 1s It entirely 
clear exactly how parents foster or inhibit their child's achievement 
in mathematics and careeri. It does appears however, that many girls 
do receive some direct messages from their parents which Indicate low 
expectations for success in mathematics and the pursuit of professional 
careers. Girls who take the advanced mathematics courses are Hkely 
to report encouragement from parents. In general * howevers parents 
may be less supportive of daughters than sons because of their own 
stereotypes of appropriate feminine activities. 

Educational Poll cies and Practices 

Although the perception of the usefulness of mathematics for 
future careers and the support of significant others are the most 
directly obvious factors associated with course- taking i educational 
policies and practices also have some influence. If mathematics 
course-taking was not optional In the secondary school years t perhaps 
there would be more girls enrolled in the advanctri courses. When the 
courses are optional more boys than girls take them because the boys 
are encouraged to see these courses as necessary while the girls are 
not* 

Programs for the academically able student that begin in the 
elementary school years also appear to promote greater course-taking 
in mathematics and science at the secondary level. Although "tracking" 
has become unpopular^and brl^y a few states have active programs for 
the intellectually gifted child, boys who have ability tend to move 
ahead in mathematics at a more rapid pace than their gifted female 
cohorts* Perhaps if programs for the academically gifted were wider- 
spread more girls would be encouraged to take the advanced courses In 
mathematics and science* 

Until". recently some classes were segregated by sex, such as home 
economicSt shop and mechanical drawing. Such practices helped 
Jnstltutloniliie sex-role stereotypes; It Is perhaps unfortunate that 
efforts to eliminate these sexist practices may also eliminate sex- 
segregation for purposes which migtit ultimately benefit both boys and 
girls. For examplet special classes In mathematics or science just 
for girls might be useful for attracting girls who would otherwise 
avoid thtft courses for fear of competition with males. 

Although there Is no evidence that the sex of the teacher Js 
an Important factor for achievement or attitudes in regular classes , 
the fact that teachers of science and mathematics at the secondary 
level ire typically male helps reinforce the image of mathematics 
as a mali domain. The problem Is cf course circular. It will be 
difficult to recruit more females for these Jobs as long as many 
women avoid the courses at the high school and college level. 



Ptrhaps tht majof Institutional practice that poses a barrier to 
women's entry Into courses and career areas In mathematics and science 
Is the lack of cariir education and counseling programs at the 
tltmentary, sacondary and postseeondary school levels. Even schools 
which have such programs may upon closer scrutiny discover that these 
pfpgrams still perpatuati the stereotypis of limited career opportunities 
for women. Also, these programs often do not include female role- 
models for atypical careers which appear to be a necessary exponent 
of an effective career education program* 

Mathematics as a Male Domain 

The view of mathematics as a male domain is wide-spread and , 
portrayed In the media , textbooks and tests. Parentis teachers and 
students all appear* at least for secondary students, to believe 
that this 'Is true. This belief undoubtedly underlies the foregoing 
correlates to sex differences In course-taking and achievement In 
mathtmatlcs* Although there Is some question as to whether or not 
fOTales fear success, there Is ample evidence that f^ales who, wish 
to appear "feminine" are more comfortable 1n task-situations that 
are labeled fOTlnlne or at least neutral than 1n those labeled 
masculine. The sex-typing of mathemati cs as a male domain lea^ to 
different expectations for boys and girls with respect to success In 
mathematics classes. ' These self-perceptions are relnforcffd by 
behaviors and expectations of teachers , peers and parents. It Is 
little wonder that girls have less self-confidence than boys as 
learners of mathematics. This presumably- accounts for differences 
In course-taktng when courses become optional. 

It has been hypothesized that In some cases the conflict between 
femininity and competence In mathematics becomes so great that an 
actual 'phobia or anxiety about mathenatlcs develops. At present 
there Is little. Information as# to the causes of math-anxiety, but It 
does appear to exist. Even females who on tests appear to have well* 
above average aptitude for mathematics are not apparently Immune to 
the phobia. For some adolescent girls this fear may result from an 
approach-avol dance conflict. They may be attracted to mathematics 
and related careers by virtue of their abilities and Interests yet 
be too Insecure In. their own feminine,, identity to trespass upon 
male territory ftr be drawn by conflicting Interests to more aesthetic 
or social pursuits. 

The stereotype of the mathematician or scientist as cold and asocial 
Is likely to contribute to this conflict. It does appear that females 
have more social than theoretical values. It 'is unfortunate that 
mathematics is so often taught 1n such a way as to deOTphasIze its 
relatlonshlpc to the arts and the social sciences. Mathematics class- 
rooms, particularly at the advanced course level, do indeed appear to 
be male domains taught by men to largely male classes. ■ 
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Ai long as mathematics classas and careers In related areas 
maintain their masculine rnystique the problwi Is somaihat circular. 
Girls avoid mathematics classes and careers because they perceive 
them as male domalnSi they receive little encouragement to pursue 
coursei and careers In these areas by significant others who also 
appear to perceive these activities as male* As long as women 
avoid these tfourses and careers there will be few role models and 
the image will remain unchanged. The question of Interest Is how 
to break the chain and to reduce the sex* typing of mathematics as 
a male domain and Increase girls* participation In mathematics 
classes and careers. 



Recoimendatloni for Educational Policies and Practices 



To Increase girls' participation and achievement In mathmatlcs^ 
classes at the secondary and postsecondary school level s* It will be 
necessary to Increase girls' awareness of career opportunities for 
women and the Importance of mathematics to many career areas Including 
homemaker* Girls should also*be made aware of the wide variety of 
caretfsln business, governmentt .and Industry that require mathematical 
competence and yet have social service components* Appreciation of 
many avocaftlonal activities In^ art, muslct and games might be . 
helghtenid also by an awareness of their relationship to mathematical 
concepts « 

The most obvious and^ direct method for fostering an understanding 
of the relevance of mathematics to careeri and life would seem to be 
through career awareness and education programs at the elementary 
through ppstsecondary level. Such programs could be widtly varied In 
nature; they should probably Includip however, some exposure to women 
who have full- or part-time careers relatid to mathematics and the 
sciences. Career education programs need eot be costly* Many 
. cormunlty resources exist for little or no charge and retired persons 
might serve as volunteers* Such progrttns should be constructed with 
a concern for eliminating sexist portrayals for women* Some existing 
programs should also be carefully evaluated to eTImlnate "unconscious" 
sexism. Some standards or guidelines for career education programs 
need to be developed and disseminated to schools. Some preliminary 
research and pi lot- testing of model programs m^ be needed before 
such guidelines can be developed. 

Non-sexist career counseling Is also needed. In order to provide 
this some special inservlce training for guidance counselors may be 
needed* It might also be valuable to generate a list of non-sexist 
vocational Interest inventories or guidelines for improving the 
interpretation of existing instruments for women. Some research is 
already in progress and should be continued. 
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The provision of non'saxist career awareness, educatlont and 
eounsiling progfiims should help dispel some of the negaiivi peer, 
pressure against girls' pursuit of "atypical" careers. The attack 
on stxlsm and racism should not be left to chance. Program materials 
should ba designtd to directly confront and dispel niyths and 
prtjudlces. It might also be wise to design such programs* particu- 
larly those at the elementary and Junior high school levels, in such 
a way as to elicit parent and classroom teacher Involvement so that 
thty will be aware of the purposes and merits of such programs. 
Parents might be encouraged to serve as volunteer workers in some 
aspects of career and contnunlty education. 

Parent-effectiveness training has recently become popular In 
sdmi areas of the country* Such programs are not typically offered 
by the public sphool system. Perhaps public education should offer 
courses\for parents that ertcompass a wide range of topics including 
ag1sm» sexism^ racism, and the Importance of career education and 
guidance. Many parents may not realize that their attitudes and 
behaviors f such as the choice of toys and games for their offspring, 
^ould influence later learning, . _ _ 

' In-service programs for teachers should also be developed. 
Many teachers may be totally unaware of their own sexist practices 
or beliefs. Mathematics and science teacherj might be encouraged 
to develop special units that depict the Importance of these subjects 
to broad areas of human endeavor Including social service and 
aesthetic careers and activities- In some cases the practical , 
applications should receive greater emphasis* Courses on statistics^ 
.compMters and other areas of applied science and mathematics might 
be developed and offered at the upper elementary and lower secondary 
level.. Teachers should be encouraged to take a critical look at the 
textbooks they use and the activities and' tests they develop. Some 
general guldellnts might be developed and disseminated through^ 
teacher organizations such as the National Council of Teachers of 
Mathematics, Teachers should be advised to specifically identify 
the boys and g1 iris who appear to have very high aptitude ^for mathe- 
matics aj^ to encourage both girls and boys to pursue courses arnd 
careers fn this area. If teachers, counselors^ and school 
administrators seek out these students at an early age they may be 
abte to Increase the participation of girls In the more advanced 

courses. ' 
m 

Programs for the gifted and talented child that recognize and 
facilitate , the developments of special talents, such as mathematical 
ibnity* my have a positive effect on the course-taklng^Behavior and 
attitudes of above-average ability girls. Early Identification 
programs would enable schools to Identify those girls who have great 
academic potential, at an age where special Intervention in the form 
of career education and special encouragement in mathematics might 
be most beneficial. The iarly tracking of these girls into college 



bound pfogfams that emphasize the importance of mathematics and science 
could have a potent positive effect on later achievement and career 
choice* Concomitant counseling for the parents of such students would 
also be desirable. For such talented students special after-school 
or suniner courses that combine career education with mathematical 
skills might be valuable. 

Early screening programs to , Identify gifted students might be 
integrated with existing programs to identify students who need 
special remediation in basic subjects. Early and continued Identi- 
fication programs might also seek to locate students who are 
developing anxieties about their abilities In mathematics. To 
some extent such programs now exist to identify students who show 
potential for difficulty in reading* Such efforts should be expanded 
to Include those who show high verbal or reading competency but poor 
arithretieal skills development. The concept of literacy should be 
expanded to include quantitative literacy as well* The Right to Read 
program might be broadened to include the right to learn basic 
computational skillSs arithmetic concftptSs and the applications of 
these to everyday life. At present most school systems require only 
one or two years of mathematics at the high school level for graduation* 
IncreiSid requirements and more varied course offerings would also 
seem desirable for all ability groups* 

There has been some concern with the sexism present in medlar 
tests, and textbooks. This concern has by-and-large not been as 
directed towards mathematics texts and tests as 1t has been towards 
basic readers and children's literature* The Image of mathematics 
as a^rmale domain might be greatly reduced if textbooks, tests, and 
media were less sexist with respect to mathematics* Textbook adoption 
confinlttees at State and local school system levels should be\encouraged 
to scrutlnlie the offerings for their sexism as well as racism. Pub* 
Ushers of educational materials should be rade aware of the negative 
aspects of sex-^role stereotyping and urged to develop materials that 
portray women In a variety of roles and as capable and active rather 
than incompetent and passive and avoid equating mathematical and 
scientific interests with masculinity. Although it may be Impossible 
to mandate standards for publishers or textbook commltteesi lists of 
recommended books and materials as well as Informal guldblines might 
be generated and widely disseminated* Some federal grants might be 
given for the creatlpn of non-sexist educational materials as models* 
It Is difficult to know how to best influence the media* Federal 
and private foundations that give grants to public broadcasting 
efforts could at least be urged to demand non-sexist and non-racist 
programming* Professional women's organizations might also be 
encouraged to become more vocal advocates. of non-sexist practices. 

Professional women's groups such as the Society of Women _ _ = 
Engineers or the Association of Women Mathematicians might also be 
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tncouraged to txpand thalf activities to Include more direct Involva- 
mint with schools and school systems in career education efforts. 
Perhaps federal and private monies might be provided for furthering 
their efforts to recruit students and disseminate positive Images of 
career opportunities for women. 

There Is one additional barrier to women's full development In 
mathematics, particularly careers In this area* that cannot be 
directly rMWved by educational program efforts* There still exists 
tntol valence and conflict about appropriate roles for women. The 
combining of family life and careers Is still more problematic for 
females than males. Career education programs and career counseling 
for women must somehow deal with the realities of this problem. The 
world of .work outside the family Is accessible to women but may 
carry some extra burdens or costs that are not present for men. As 
long as ^1s situation exists, some ferrales may remain aloof to 
attempts to Increase their Interests In careers and thus their 
achievements In mathematics* 

Time and systematic efforts to educate society as a whole may 
eventually bring afewut some desired changes. Closer federal scrutiny 
of sexist hiring and promotion practlceSt the provision of better 
job|1te day care facilities for children of working mothers* wider 
acceptance of the contribution of women to the labor force* better 
health insurarce provisions for working mothers* and other labor 
and health mecisures m^ in confclnation with better educational 
opportunities lead to changes In society's acceptance of women's . . 
potential for contributions to all areas of endeavor. 

The foregoing suggestions for educational values and practices 
do not begin to exhaust the possible strategies that might be 
employe* to increase women's participation in matheTOticr courses 
and careers and thus hopefully reduce sex differences. In summary* 
there appear to be five. important goals related to education that 
could be affected directly by program efforts at t^he national level, 
Firstj grtater awareness among females of the value and usefulness 
of mfthemitical competency for adult life* particularly in careers. 
This can be approached through the development of career programs » 
curriculum development* and public education. Second* a reduction 
of harmful stereotyping of mathmaties as a male domain and tht 
f^ninine role as incompatible with achievement and competency in 
mathematics. This goal can be , approached through a variety. of means. 
Third* the fostering of greater awareness and sensitivity on the 
part of educators, parents, and the general public of their role 
in promoting the full development of all talent areas in young 
children and the value of the first two goals. Fourths the promotlort 
of a truly flexible and democratic educational system that can deal 
viith individuals and not stereotypes. Fifth, the support of educ* 
ational research on the causes and cbrrelates of sex differencfs In 

-51- 



66 



achlivemsnt In mathematics and the davalopment of Ifiterventlon and 
ref^ulatton stfattgies including career educatien efforts. Elaboration 
of research needs are in the following section. 



Recormi^ndatlons for Research 



Until very recently there has been little research on factors 
inhibiting the Intellectual and career development of women* Two 
types of research efforts ^eem indicated* First, more basic research 
Is needed to understand the nature, extent, and causes of sex 
differences in mathematics achievement on tests, in course-taking, 
and in career choices and success. Second, it is not too soon to 
conduct experimental and fluasl-experimental studies of intervention 
and remediation programs for students, educators, parents, and 
combination? of" the three groups. 

J[he_des1gn and implementation of both types of studies should 
Include two considerations. There is a real need for longitudihal 
studies p Interpretation of future studies would also be greatly 
enhanced by the observance of some unifonn standards for measurement 
and evaluation. 

Too few existing studies of sex differences have betn develop- 
mental and Tongltudlnal developTOhtal studies of child-rearing 
practices have rarely collected the types of Information necessary 
to understand the dynamics of sex differences in matheratical 
competence and self-confidence. Some oh-going longitudinal Situdies 
might be modified to include the collection of such data as parental 
sex-typing of activities and expectationi for sons and daughters in 
careers and mathematics achievement. There is clearly much we do 
not know about the development of competence in mathematics, career 
asp^lratlons and interests, values, and sex-typed or androgynous 
personalities. Longitudinal studies that assess a multitude of 
variables are needed to provide meaningful answers to the many 
questions that exist. A single national study of the problem may 
be too difficult and costly to tackle. A comprehensive plan might 
be developed, however 1 and various parts of the research divided 
among many different research groups. 

The need for a complex but congruent research design 1s also 
true of studies of Intervention and remediation programs. LantZt 
et al. (1976) II for example, found It extremely difficult to evaluate 
and compare intervention strategies funded by the NationaJ Science 
Foundation which varied In criteria for selection of subjects and 
measurement of outcomes. The Interpretation of findings would be 
considerably enhanced by the application of uniform, selection and 
outcome measures across studies. For example, studies that attempt 



cwetr edueitlon or eounstllng in different ways could be comptred mort 
readily If they used the same pre- and post-test n«asures. 

Let us eonslder the fonowing questlpns: At what age should 
career education programs begin? Are female role-models essential 
to carter education programs? Is It more efficient to have programs 
for teachers or parents or counselors than programs for students? 
If naner^us separate proposals are sought and funded which attack 
these questions as separate etitl ties and employ different populations 
; and evaTuatlon measures there may be only noncomparable fragments of 
the puzzle at the end. If* on the other hands one large research 
design 1s developed and apprnprlate sampling techniques employed as 
well as uniform pre- and post-measures * the results rtay prove most 
enlightening. We could have X number of treatinent m^^s, sdre. 
designed for students, with and without role-model compoqtntSs some 
designed for teachers^t some for parents» some for counselofff-and 
perhaps some which have components for more than one group* fach 
of the X nurriber of models could be tried fpr Y number of age groups* 
Social class and mathenatlcal aptitude of students could be controlled 
for by various methods. Pre- and post- test measures could be designed 
to encompass the goals of alJ the pnograms* Outcome measures of 
Increased course-taking at a given aget career Interests, knowledge 
of caretr opportunities, etc* could all be assessed for each sai^le 
of students to rfetermlne the relative effectiveness of each strategy. 
If sample populations are large, other variables such as value 
orlentatloni etc* could also be assessed* If all data were collected 
at uniform times and recprded In ^he same format, a single comprter' 
analysis could be prrograffined and conducted. Perhaps one institution 
could design and perform aU the analysis while a large nurrtber of 
different research groups conducted the actual program aspects. Such 
an approach might Indeed revolutionize and revitalise the educational 
research community. Such an approach might "also be employed on 
longitudinal developmental studies and thus alleviate the burden 
placed on one research group or one set of respondents. Thus five 
or ten or even hundreds of small manageable longitudinal studies 
could be conducted simultaneously on matched or random samples* Such 
an approach would make it possible to assess the full range of^ possible 
correlates without studying each factor in every sample* 

Let us consider some of the research questions that might be ' 
addressed by non-intervention studies, particularly those of a 
longitudinal or case study nature. Studies of the development of 
career Interests and aspirations, values, and specific Interest in 
course-takings, and achieveTnent in mathematics should be rtnded. 
Ideally these studies ^should collect information on parenta> phi Id- 
rearing pract*ces or styles, expectations for the child In mathematics 
and careers, and degree of parental sex-typing of mathematics'' as 
masculine and concern for sex-appropriate behavior of offspring. 
Within such a study or as i separate study^ data should be collected 



ittcs. and the relattonihlp of this to dthir 
iU#V|s «hfH and parent vImp of mathernatlcs as a 
the chf It's prlflifry sex role Identlfljcatlon. the chtld^s 
Mtetlcal aptttiidea and so forth. Although It vnuld bi 
„ JK to study all these variables, a slrigle research design 
dil^llopei^ and somewhat different pieces of the puzzle par- 
M^dY#erent Inveitlgators for samples matched on relevant 
^th as social class and working status of mother. (It Is 

. Mow what variables should be contronedi for example > 

'tHe^nii^r and'sex of siblings miy also be Important J 




Siich a design would encompass many specific testabl-e hypotheses 
a1f# a^I louring for more complex analysts of the relative Importance 

» factors. Prom this research we might 1 earn how potent 
r#^effi^cts of role models. In the home* the Importanee of pai^eifital 
jfjfiliersus chlld^^rearlng practices • the home factors that . 
iM L^^tlopment of sex- typed rather than ah^^^^ 
j^f^J^ tte woHd, and so on. 

Irr tijne we might be able to develop „pif^1ct1 on equpltlons for 
'^rests und^ ach1evementv Thus^»^»» could Jcnfi|^ girls have 
^% llf^llhood of success In mnthematlcs With^^^^ 
yiint'firi'^fforts and which girls need* the most encouragement from 
Si^^ces outside the, hojpe. ' 



tt^^iWutd also seem desirable to appfoach 
jt>~ ntfth-'anxlety aniO^w'self-confld^^^^^ 
If^^naj^; research: as case s|ud1es^.of 1 
lexftr» ^bifMe^ such#n ambitious project can 
ihlf^^P spatial visualization abilities to 
and niath-anxlety should also be attacked^ 



fe stuiXy of the develop- 

w^yi^rrSttni-""^ 
ntl fled cAsef Is '^i^ed • 
bexaunehed , The ,rfl ktl on ■ 
1 achleyBneht*"^ 



^oiieijtddltlonal ndn-lnterventlon st 
M^l^udiin^l are also Indicated, In 
JPJ^it^ banks might provide some a 
90Ws^nH;^i'aboui the relat1onsh1p.^f s 
^tl^j^ti$y-t<^ career fin teres ts,- the 
^T:course0ak1ng and achley 
. i^Wiii^stand more about school and 
lies tiffat foster femfile course- taking 
. ' . ■■ ;--'-v ■". - .' . : * , ■ 

'}id^it1diia1. Studies of the effect 
If^^n^es on achlevmient and 
lies to. control' for thV ef " 
ItJ^imatics I and/or andro 
f%hb world. For exmipleAdo fm 
. ,„il^ffave" ah androgynous v1 
_ Jit^^lttcultne v1ew*of mathematics s 

#ftl such as the SAT-M or BRE 
Mtither related question wouWreTdo 




es ^bfCh would not need to 

^ ases re-ime^lafsls of 
jwer's. For^i»mte,,we need 
iGlai-oless 4nd Mrairti*^^^^ 
inceptions of the^^ iU^iuIr^ss • 

leiit r , and- so- f oriW v^i*liK' 
o1 . systems: '''^-adihiiiiiliil^^ . 
achtevtinent in l^tfiiiitics. 



mous 



of ydl ff erin tf ai cowrii-tal^ng^ 
ide tests might aTsp be 
attltiffles or evjih siax-' 
itl|tr thw sex^^ed. views 
1« high school or co11e|e 
of self and/or a neutral rathli* 
ore as well as their male cphtfi^s 
hen course- taking Is control ledt 
females who have a strong fanlnlne 



-54- 



ERIC 




a^vled^ pf niathefflat1c$ as a lilale doirialn take feWep advanced , 
leoi^ Tower on achleveinent tests than woufd be ipre^lcted fc 
ffinflar^tltude^but different perceptions of §^1f and math^ 
Aisfe research cm the whole Issue of psyeho1og1ca1| gender Id^n- 
Icftiiiaa Is also needed. 





Studies of the Impact of peer pressure on course- taking and acr 
lt.lliifi,M iJjio be Inftit^stlng. Consider these Questions: Do girfs 
Ifiapnted In ihathMntlcs who have friends Who. have strong 
l/ftistrong percepilon of the Importance of being femlninf avoid 
t$M0}gjpmHt of their taTmts. more than gfrls who have fftiends 
Tj^s sex-itefeotyped values and views? Are mathan0lcaT1y 

who pyrsue the devMdpment of their talents less sensitive. 
Bf|sissurei are they socially more like loners than other/ girls? 
..i^M^mni girl forjn, peer groups on the basts of their acceptance 
•^t^^^ of the f^reotyped feminine role? 

A%Kt^f the atove4|ues talons are Interesting to researcher^. Th^ 
^not^exbaust the nich sounce of hypotheses.to be studies fo/r the 
int^^of the science of IndlVilduaV differences. They ire not 
vaTuabTet' however, for /the purposes of the design of 
programs and the devejopineot of ed^atlonil policy. Perhaps 
^^|e>4(E^ tHiese questlons^icould M siudledjtflth the framework of research 
' tKit tfmuHaneously stuc^ Intervention stMtigfeTr^^^ "^^^^^ 



I In planning and Implanentlngrinterventlon and/or reniidtatlon progranis, 
'JiM»^cOB*»^nted with the question of goals. TKer* are/ at least four 
^ditiCferent^^ goals we might adopt or sttne combinations of tnem. Flr^st, 
lm l^||fft aim) at the reduction on elimination of sex differences en test 
j^jbniianbeJ Second , we might attempt to reduce sex ^differences 1h : 
'^^rse?takfr^9 at the secondary and post-secondary levefs. Thlrdr we. 
'ift^t wfih to Increase wcnien's /interest and participation In a vanle^ 
' ~ iaci@ir. areas that require mathematical competence, /tourth» we might 
* .to reduce or eUmlnate sex- role stereo^p^tng, paiytlcularly with 



.%l^ct te, mathematics. This 
iil:^e«MfMct between^femlnlnlty 
thus the Increase In females 
of ^thematlcs,. 



fourth goal also Implii^ the reduction 
and achlevanent In matnonatlcs and 
self-conflidence -In sems as learnei^ 



^/ Of the four goals, the first three lend thense 
:|o attack and evaluation. Jhel firat and second goa 
^\f%^t|edhd and third, while the fturtn goal overlapi 
fefllerifdre, In the ensuing discussion of research oi 
assuflfe that all {our goal s\ are desirable. 

4i., 



fves.most directly 
Is overlap as do 
the first three, 
fervent Ion We 



In four types, of 
more than one stra- 



Interventlon efforts can be\ roughly classlfli 
stra^les although a* particular program might usi 

The first strata^ is to create programs directly for students 
#at' aim to alter the^r attitudes wd behaviors With respect to mathe- 
pitlcs and careers. The second 1s\to Influence the attitudes and be- 
havtor^' of significant others In tnp students' lives at. home and school. 
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Thi third Is to manlpuUtt Instfuctlonal md adtiinl strati vi sdueatlonal 
s practlcis. Thi fourth Is to try to changt.tht image of mathtmatlcs 
\ as a malt domain by manipulating the languagt and mtSiagis of mtdlat 
ttxtbooks, and tests and perhaps Increasing the visibility of positive 
fOTalt role-model !• 

The first type of strategy would include career awareness and education 
K programs and carier counseling efforts. This could aiso include coun- 

\sel1ng progrms for math-anKii^ and acceleratlve programs for gifted 
Students. The specifies of thei programs might be quite v^ri%d^^Jf¥iF 

^ iTter&ture suggests , hovtevert that exposure to female role^modfls should 
be incorporated In the design t The exact nature of the program mi^ be, 
far less Important than the interaction of the age of the subject and. 
the duration and Intensity the progrw with ^he nature of tht program. 
For Jiramplii a short-term Intensive algebra program for glftedl seventh-* 
grail girls appeared to have an effect that lasted for about three years 
but may fade without furtftr 1ntervmt1on« Some of the dependent measures 
that might be assessed In evaluating the Impact of career education » 
counseling and other intervention programs are the perceptions of the 
usefulness of mathematics » the perception of mathematics as a male domain » 
course*tak1ng» and eKpressed career Interests and aspirations. 

It nilght be worthwhile to consider the development of a vldeo-tapt 
career education program with workbook and' teacher guide that could be 
widely disseminated. Existing camfrcial prodiicts^^thls typt should 
be evaluated. 

Ideallyt career education units should be integrated with the 
rigular curriculum so that the relationship of the skills required for 
a particular Job could be relate to the skills being learned in classes. 
Careers In many business areas can require a wide range of mathematical 
skills from basic percent and decimals to calculus and computers. 
Students in general ntathematlcs courses as well as calculus might simul- 
taneously study applications of mathematics to careers in accountlngt tax- 
law, marketing, and so forth. ^ 

Programs that are developed for and offered to different populations 
should hot be compared with one another. At least two levels of the 
population should be targeted. First, w€ should develop and evaluate 
programs for Increasing women's participation In careers In^mathematicr' 
and science at the professional level that are piloted on high ibiltty 
students. Second, we should develop and evaluate programs for 1ncreas1n| 
women's participation 1n career areas that require competence In mafhe* 
ma tics but not the more advanced levels of abstract mathematics* 
Programs for ^the student who has high mathmatlcal aptitude should be 
different from programs for the student of average ability. Internship 
programs that place students in situations with college professors, 
graduate students, and research sclenti&ts, for example, are most jikely 
to impact students who have the aptitude an^ necessary skills to benefit 
.from such exposure. College professors, lawyers, and doctors are nqt 
realistic role-models for all students, A program designed to expose 
students to professional career possibilities 1n mathematics and science 
will be far more effective if 1t is directed toward the top 10 percent 
of the female populations with respect to mathematical aptitude than 
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.it^ihose .who tcore batow thi averagt. Pr^rams that 
l^i' to^ not likely to l» eff«^^^^ 



eauttori ap|>11ti to caritf counseling efforts. In our zest 
Miiien I s participation In mathMiatlcs and the sdlance^, we 
^ iiil^Uolt real Individual differences and limitations. A student 
~ Hfgh on^ scale of mathonatlcal or computational Interest in 
^ pr^ Inventory but has average scores on measures of 

c^r, i^iit and verbal aptitude should not be told to consider careers 
as a\ professor of mathmatlcs or an electrical 'engineer. 

Inlttal .research ef forte aimed at improving career counseling for 
.;ii!W^:irtght; hi aimed at studying the effects of non-s»3clst counseling. 
^|lB|iarfh oAv-the non-?sex1st use of existing vocational Interest Inventories 
;;lQci th^ development of better Instruments for women should encouraged. 

ta^feil^ second. Interviintl on Strategy would be to att^pt to Influence the 
W^Si •ntf 'Mhavlors of significant other^s In the child's life. For 

Pil^fS;^ In-jtrvlce rourses could be developed. They might take a . 
mW9f forms. It may be more difficult to have programs for parents 
tn«y ari f ntegrated with programs for students. In. other words, 
[ite easier, to get parents to attend meetings to. explain a "new" 
.. . ..,,Ji--for- students than to get pai^nts to attend general sessions on 
Ittit^ffilietlve effects of sex-role stereotyping lor on nori-sexlst chlld^ 
r eftclnfli etc. 

The Impact of programs for educators, or parents could be compared 
SjWftli that of those f students by selecting teachers and parente of 
:^^f^Sr0-9^a^ht$^ii^fmA in relevant variables to those who receive more 
'^**^-'- Interviwtton programs.. One methodolbglcal problem will be that 
' and j^cWers of students Involved In a direct prajrmi may become 
1 by the^rogran In Indirect w^s. Idttliy, «^ shouTd canpai^ the 
of pragrms for students with those for students and their teachers 
iiintS Biid with those for teacheifs or parents only^ In the. latter 
ttie dependent variables could be the same as for the direct Inter- 
,p ibudles with some additions.. We would need to know the'pre^- 
ai^lll^^attttudes and behaviors of the teachers, and parents. This 
' ^ ||?'^Rt of research could become mor^ complicated. We would need 
liyM vlMether or not the teacher program affected thefr attitudes and 
pltfrs and then If this In turn Ted to changes In course-taking & etc.* - 
l^r th* girls. 

From a cost-effective viewpoint programs for eduutors would be the 
IliMil^iind least expensive to undertake. Current research, alas, does 
nit suttgest that changing teacher, counselor, or school administrator 
iM^u^s arid behaviors wOuld be a highly potent program In Itself. A 
Ifvi experimental test of this hypothesis seems crucial In terms of 
gfritrige pTannIng and program costs. 





It Is difficult to envision a research design to Impact peer attitudes 
that would not be encompisseq under the general provl54 o n of c a reer ' 
education programs. The peerf group at tf^es Is an elusive concep^t. , 
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A possible restar'Ch .Issue Is the determination of the "critical number" 
of gtrls required in an advanced or accelerated matheinatlcs cTass to 
insure the success of the girls InvAved. 

Tht tMrd strata^ Is to focus on research ort changes In Instructional 
modtii currlculumi anU admlnl strati vt prsctlcaSt We might compare the 
effects of programs that require more mathmatlcs courses at the high 
school or college level with those that maintain an optional policy. More 
systematic study of the effects of aceeleratlve and ndn-acceleratlve pro- 
grains for the gifted with those of programs that do not provide for the 
Identification and facilitation of the academically able student seems 
warranted. A study of grouping by values and Interests along with appro- 
priate curHculum modifications would also be Interesttng. Do students 
who have social and aesthetic values benefit more from mathematics courses 
that •OTphaslie the application of mathOTitlcs to thfr-arts and social service 
programs than they do from courses that do not emphasize the applf cations 
of mathwatlcsT Are self-paced mathematics classes less effective for 
girls "WH^ have social Interests and valuis than for girls who are more 
theoi^etictfl In orientation? 

Research efforts on the Interaction of verbal and; spatial abnitles 
of students with Instructional strategies and curricula are also needed* 
Perhaps students who have poor spatial abilities and high verbal abilities 
Tearn mathematical concepts In a different way from those who are less 
verbal and more spatial In orientation. • 

For the fourth strategy we must fconslder the ways In which society 
communicates sex-role stereotypes In relationship to mathematics. It Is 
possible that girls would be more Interested In learning mathematics 
If textbooks were less sexist. Performance on tests might be Improved 
If the wording and context of tests were less sexist* Experimental research 
on the effects of textbooks and test Items would seem desirable* It Is 
difficult to envision an experiment or quasl-experlment that could assess 
the Influence of sexism In general media. 

In order to research the four strategies at minlmtm cost, 1t might . 
be possible to capitalize upon naturally occurring experiments so that 
tbe cost of the research would not have to include the cost of treatment. 
For examplei schools or school systems that have existing carter awareness 
programs or mathematics programs for the gifted could be compared with 
schools or s^tiSBf that dp not offer such programs on measures of course- / 
taking arid achievement, the control schools or systems could be matched 
with the "treatoent" schools on relevant variables such as size* available 
course-taking, and socld-economic levels of students. BaSe^rata rlgures . . 
for the treatment school system prior to the Implmentatlon of their 
ipeclal programs, 1f available*' could also be compared with current rates 
of Gourse-taking^^d achievement among females. 

Research efforts that Include the actual development and conduct of 
treatments should. probably focus on strong rather than weak treatinents. 
Short-term Interventions such as a one-day career educatlpn program with 
exposure to female role-models that aim at hundred^ of girls are pro- 
bably far less effective than more Intensive efforts^ that^work with imaller 
groups of students over longer periods of time. This F^pothesis can be 
readily tested. A somewhjtt more complitated question Is whether or not 



small but stibTe ehangis In teachir bihavlors.and school policies and 
practicis will tvintually Impact a lafgir number of studints over time ^ 
than In tens 1vi programs for a spiclfle sampla of girls that 1s too com* 
plicated or expensive to evtr become iritegrated Into the basic school 
curriculum. Some technical qutstlons need to be answered^ For example » 
are live role-models significantly more effective than video-taped prb*^ 
grams or wrttten materials that Include many female role-model|7 For 
the short-run It would be easier to use live models than to creatij^fllms 
and video-tapes^ The films or tapes» howevert could be used year after 
year. It Is probably more difficult to continually recruit live models 
on a yearly basis* It may be less costly to conduct an In-service course 
for teachers than to buy new teKtbooks and tests* One In-service exper- 
ience for a teacher may not haves howeverp as lasting an^ effect at the 
continued u^se of non-sexist curricula materials and tests* 

•Thuit Initial efforts to fund research ihould be expansive and 
not assume too quickly, that one^ approach Is more promising. Existing 
research simply does not allow us to make these decisions. It Is too 
soon to say which type of Intervention strategy will have the greatest 
Impact* . Although It will not be possible to fund every conceivable 
variation and combination of Intervention strategies^ jt would seem 
desirable to select projects for funding that provide some balance among 
the types of strategies, the characteristics of the target populations, 
the costs, scopesi and durations of the projetts. 
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INFLUENCES OF SELECTED COGNITIVE, AFFECTIVE. AND 
EDUCATIOjAL VARIAaLES ON SEX-RELATED DIFFERENaS 
IN .MATHEMATICS LEARNING AND STUDYING 



By 

Elizabeth Fennema* 

Department of Qjrrlculum and Instruction 
School of Education 
University of Wisconsin 



Sex^rilatad differences in mathematics learning Is a topic 
that has received a great deal of attention in. |he Isy press as 
well as In professional, educational and psychoTogical literature 
for a number of years* Bowever, much of what Is considered as 
"truth" Is based on mytht Inadaquata reportlnts or research 
studies which failed to control one Important variable^ I.e.* 
the number of years of mathematics studies while enrollid In 
hlgt^ school. Ohe must understand as clearly as posslbli If, 
when and where, six-ralatad d^iffarencas exist In performance In 
the broad Intellactual area called mathOTatlcSp befora one can 
begin to hypotheslza concerning related variablas. Therefore^ 
the first major goal of this paper Is to idantlfy what Is believed 
about sax-related differences In ovaraU mathenatles learning. 
In rel>t1on to this, questions will be raised about the validity 
of thesa beliefs, and one specific area will be identified as 
the most salient tause of sax-related diffarencas in mathematics 
learning. 

The second major goal of this paper Is to Identify cognitive, 
affectlva and educational variablas which have bean shown, or 
have bten h^othesized, to contribute to sex-related diffarancas 
in mathematics learning and studying. Two major bodies of ^o* 
fesslonal literature will serve as the sources, 1.e.» the wall 
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documented mathematics education literature and the rapidly 
growing psychological literature related to the intellectual 
development of women These two sets of knowledge all too 
often have been disjoint and it is necessary to synthesize 
relevant inforrfiatlon from both sources* The importance of 
doing this is evident. Becasue of the nature of the subject 
mtter^ mathematics learning does not take place^ other than 
incidentallyp outside of formal schooling* To ignore what 
is known about why and how people learn mathematics as reported 
in mathematics education literature would indeed be foolish. 
However s much of what is known about how people learn mathe- 
matics must be reevaluated in light of the new insights being 
generated by psychologists specializing 1n the study of women. 
These psychologist are reintprpreting old data and gathering 
new data as questions of in^dgrlty are being asked about 
women and their intellectual development. In some cases the 
synthesis of these two bodies of literature will be relatively 
easy, and clear-cut conclusions, testable h)^otheses or plans 
for action will emerge. In other. cases, conflicting evidence 
wJll be apparent and new data will need to be gathered before 
any plans* for action can emerge* 



Sex-Related Diffirences In The Uarning of Mathematics 
Achievement in Mathematics 

For the purposes of this paper, learning and achievement 
In mathematics are used Interchangeably. Both are indicated by 
a performance which results from the intereactlon of inherent 
and environmental variables. Such performanci is usually in* 
dicated by scores on tests involving a variety of mathematics 
at cognitive levels ranging from low level coraputatlonal skiTls 
to high level problem solving skills. Care must be exercised 
in inferring from such scores to anything about Inherent ability 
or environmental influences. Performance on a mathematics 
test is merely a^Rtsponse to a particular set of Items at a 
» specific point ih time. Such responses are usually grouped 

together to describe a particular set of people by measures 
of central tendency and deviation. At a different point in 
time Individuals within that group might respond somewhat 
differently but it is assumed that the group response would 
be somewhat similar. Nothing can be inferred, however, about 
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%Aiy tfiat groi^ parformed in that particular way. Keeping 
in mind iMs llmitatim, infonnaticm abmit inathCTiatlcal 
perfoi^mce is uBeftd. It is m ii^icator of how much 
laarntog has taJcen place and also is an efficient predictor 
of Aiture swcess in mathmatics* 

Nbtiiffliatics educators have used sex as a variable in 
research cOTcem^ with inatii«natics achievOTCTt for a nimter 
of years ^ ^tany general sunnaries have been published and most 
include sorotiiiiig about co^aratlve learning of mathOTiatics by 
f males and males. There is a rraiarkable degree of consensus 
about s^-related differences in those revi^iS ^blished before 
1974. E.g., ^The evidence wmild suggest to the teacher that boys 
will achieve hi^er tiian girls on tests dealing with mthCT^tical 
ifeascming" (Glennon and Callriiaai, 1968, p. 50). "FrOTi jimior 
high school arjd beyond. , , boys nw su^ass girls in studies 
tevolving science and mathematics" (Siydm 1 Riedesel, 1969, p. 129). 
"Sex differences in mathOTatical abilities are, of tourse, pre?mt 
at the kindergartm level and i^oubtedly earlier" (Aiken, 1971, 
p. 203). ^ 

Basically all tiiese reviews concluded ttiat vtfiile. there 
mi^t not be a s«-related difference in young children, mle 
superiority was evidOTt by the tiro© learners readied i^per 
#l@nentary or jimlor high sdiool. In additiOT, males were teiinitely 
^ st^erior in higher level cognitive tasks i^ich asstiAe increasing 
j]^>07twce as one progresses to advanced matiiematical study, 
i*iir.^ Mgebr^, Geometry and beyond. In none of these revim^s 
WIS ^tht magni^ide or tite^educational sipiiflcance of tiie differmce 
discussed and no concern Ifar ^xplOTLatory reasons or rmiedial 
measures was evidOTt (FmnOTM, . 1224) * / 

The reviews of sex-related difference in mathCTiatics 
published siAce 1974, do not always draw tiia conclusion of male 
superiority in mathmatics. Feimma (1974) reviewed 36 studies 
10^ concluded that there were no s«-related diffirences in 
elmmtary school diildren's mathoiatics adiiev^imit. She also 
fotmd little evidence tiiat suc^ differences exist in high school 
learners^ Howvw, there ras a trend that males ^celled in higher 
level cognitive tasks and f males iii Iwer level congitive tasks. 
Femima further concl^ed that morfa researdi is needed on this 
issue since previous research has raised irore questions than it 
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had anawi^ad^ CallMim aid Gl^nMri (1975) agree with this oon-- 
olusion, M^pocfcy and Jadclto (1974) in a hic^ly qiMti^ review 
disapM. Bi^ state that one 'sec ^ff»moe that /is/ faJ^ly 
ymH estabUshed, . • is tiiat ui mathana^^. 

abili^" (p. 351^352), 

In GCdi^ to clari^ the reaJity of sex^relatad diffemiasa 
in matheniatiffl, few ma joe studio of s^-^relat^ diffarmcea iji 
mthamatiffi adiievOTmt must i^dfically noted s Projert 
Talmt, ttie NatiGMil Lcf^itualnal Sti^ of JtotiMnatical ^Uties 
(NI^^) , the National Ms^mmit of l&ra^oaal ^o^ass (N^^) , 
and tim F&mimm^Sh&msn Stut^^ The first ttaee o£ timsm studiM 
have had mudi ijn^rt cn cmrrait belief about MK-related 
di£f«fmcea and as nwdi diould be mamiMd aarefully* Uie 
fcwth Btis^, results tram yA^xdh are in press, is tte mDSt currmt 
iitfccmatian arollable cn a^c-relatBd diffwmoes. 

Data for frojeot Tmlmit wiue gathtt^ BboM 1960 (Flaiagan. 
et al^ , 1964) « iMs stu^ assessed matiimatios a^i^^mmt ^ 
(aneng ttm^ other thu^s) of a rm^m Moling of hlf^ sdisol 
students in the Uiited Stat^ Cn<aii440,000) ^ Mem scnes for both 
B^mm v^ere vuy low^ ta. Grade 9 s^^rel^ed diffnmo^ w^e 
hegUfibla but 12^ gr$^ majMB &ppmme to do betttt^^ Sie mean 
diffemiae at ^ade 12, vt^lm stttistioal^ signifiamt, appeus 
to hmm Uttle edupatlAal slgniJieanoe C^pradnabely cne item) « 
No ^tnpt was nade to oGntrol the ninber mathmatia aauratf 
sibjsAs had ^^cen prevloysiy» Hic^m p^omtagis of mles tiian 
tamlm wre mroUed in ool^ge pr^armtoi^ mmmit so tmlmm 
TOtofetadly had takm loae matii oomes^ niertfora, a pc^pulatim 
of nales with wmm matiwnti^l bari^p^nund prdbibly being 
eo^iaa::^ laitii a pcpulatian of fmales vdth Slr^artha[^teLqal 
badi9proi;nd. ^ — ^ 

Ui U75 a mall fol]^ up stti^ to ftojeet 'Talent ms done 
by ipestin g i^^tp^dmtaly 1800 staiAmts in ^atos 9*11 in sevm* 
te» of the cri^ual sdhool^ (1976) « After oue&l stAlstioid 
Aedcs ofi reU^^li^ of ^le aozparisciis ai^ ^j\istifmts for any 
^wtigB m s^ool tinm folloi^ng OTiolusicns were madei 

(1) fiille tile matiMnatira test soores wwe f^rly st^le twm 
19$6 to 3J7S, tiia diffsmoe bete<mi fAnale and male sooras 
bewj r^md i^tii males soaring «4 ctf m itni hig^itf in 1975* 

(2) pti oo^itotiafi taaks mle soores had declined 17% and fmale 
soodM 11% id.th titm fmale muns mcmm being 8*2 points Mg^^ 
tharj the male mean Mcm, (3) Qumtitative reascnu^ mmcm 



deelu^ 81 for each sex with fanalas scoring ,6 of an itm 
lower in 197S* It is difficidt aftar careftilly examinij^ 
tiiis data from ftoject Talent to COTClude that males niathe- 
Wtlci Khlevemmt was higher tfian that of fenales in 1960 or 
1975. ■ 

&9port for the belief tiiat fOTales do not achieve las well 
as males in mthmatics could coro from the NL^ data vAiich were 
gathered during 1962-67, In these nultitudinous studiesi sk 
was us^ as a control variable* Malyses were done ind^tn^ntly 
by s« whenefvar sl^ficmt sex by my other variable InteractiOT 
was fwnd* Ihfortunataly, the results frmi these studias have 
bem inadequately r^rted inteipretad making the tawwledge 
they could contributa to thm area wder ccnslderation Ittgely 
mavmllable. (towever» ^ sumary stattTOnt saysi ''Differences 
favoring girls were for variables at the co^rehensiOT Itv^l 
(the lowest cognitive liivel tested) md the differmces ftvorlng 
the bays were for variaKles at the a^lication anal>^ts 
level** CWilsofti 1972, p.^95). The directors of tois frfwally 
f tombed progrm i abr^ated their responsibility to f Aidlas 
they follmed the ^bwe ranarks with tiiis statmmt: '*toteTpi*e- 
tetidi and canrnt on this pattem will be left to persons 
tevtolvrf in tte wQnffl*s liberatim oovOTmt" CWilsOT, 1972j p, 95) . 
Tte nunbw of nathnatics cowses which had bem tal^ pre^ 
vioufly by the siAJects in the NLSft studies was cmtrolled 
so^ coiiclusion re^ed wdoiAtadly ms statistically in^ld 
ill 1967* What is udmom is the siie of ^e differmce between 
tte man fmalt and male perfofnaKe sco^s and t^ educational 
sipdficance of that differsice. 

Results frn the 1971-73 matiiontlcs data ejection of NAEP . 
teve ncelved inuch publicity and me smt^e lid bem iddely 
quotodr ''In the mathesiatics asses^imtp tile ad\^t^e dlqpliQ^ 
by maieft particularly at the older ages, an mly be described 
to 0vwi*etaing" Dtailis, 1975^ p. 7). Infection of tii|s data 
confinis tiiat ml#s did ou^rfora females at ages 17 aild 26^35. 
Hm@ver» at ages 9 md 13 differences wer# m-tniffiai snetiaes 
in favot of females. The problm of co^a^^le populations is 
a conc^ here also. pq^ati^m was selected by scp^ti- 
cated rsndom sailing t^imi^es wl^ m cemtrol for eduiiatloiiAl 
or mthmsti.oal bacljrmsd , S^ce males have ttmditionally 
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st^i^ matiiamtlcs more years than have females » once again a 
^pulation of males vdth nrore bacl^gromid in mathematics was being 
conpartd with a populaticn of fCTales with less backgrom^ in 
TnatfiOT»tics. At ages 9 and 13 when tiie educational and mthe- 
mtical bacl^oimd vas sijnilarp the achievCTient of ho'tii sexes was 
also simlar, 

Ihe^^nnsMi-SheTTnan Study, data for which were collect^ in 
1975-76 1 mvestigated iriattOTatics achievanent in Grades 6-12 
(FeimCTia mi Shenan 1977; Sheiman and Fennema, 1977; Fennema aaid. 
SheOTan, Note 10 Tliis National Science Foundation sponsored sttidy 
investipit^ a variety of levels of mattenatical leaming as well 
as ®piiti^ md affective variables hypothesized to be related 
to difffirmtial mathOTatics achievement by fraiales and males. Hie 
results of this stody have wide general inability because of the 
diverse carafully selected s«plSp In Gr^es 9-12 (n ^ 1233) 
with subjects vrfiose mathwiatics backgroimds were wrefully con- 
trollei, sipiificant differences in achievanent in fawr of males 
Capproxunataly "hvo itans) were found in two of four schools. In 
Grades 6^8 (n * 1330) significant differences were foimd in favor 
of fraiales in a low levei mathraatical copiitive task in one of 
four testai school areas* In another of the four school areas* 
sipiificmt idfferences ymrm foimd in favor of males in a high 
level mathCTiatlcal aogni-y.ve task. 

Problaro^ Solving in Ma^ematics 

The discussion to this point has considered mathematical 
achievOTOTt as if it were a precisely defined skill or attribute* 
^lis^ is not so. The iroasures of adiievOTient utilised p with the 
^c^tim of ttose used in NLSMA, have been a mucture of several 
types of mathffliatical performmce. Tliere is, however, one body 
of literattore that deals with k ratter specific type of mathCTiatics 
performance* i^ich is ij^ortamt in the imderstanding of sex-related 
differences in mthOTatics. That literatua*e focuses on the process 
of matiiOTatical problm solving* 

The .problem- solving process is i^ortant at my mathOTatic^ 
level and asriffiies increasing uiportance as me moves into advanced 
mathCT^tics* In contrast to performi^ rote, COTputational 
^ercises one mist be able to abstract relevant ita, translate 
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ttie probl«n Ihto mathKiatical taxMi decidr^what mathCTatical 
process (es) will solve the problOT md perform thes3 processes 
acoffately. Schonberger (1976) thoroughly reviewed many problm 
solving studies which usmd sex as a vmrlable. She OTic^^d 
that while sex^related differences in problem solving abilities 
may be sopllp male si^eriority does appear to exist starting 
at early adolescence and increaiilng until mturlty, Schonberger ' s 
own study did not^ si^ort these -"onclusionsi as she foimd no 
s^-relatrt differences in mtherfiatics problrm solving in 
sevOTth ^ade sidjjects. 

What I thm, can be concluded about sex-related differences 
in mathematics learning in 1976? 

1, There are no sex-related differences evident in elemin= 
tary school years. This is at all cognitive levels 
frcMn ccitputation to problem solving* TTiis conclusion 

hAs been accepted for a nuanber of years , 

2, After elCTientary school years i differences do not 
always appear* 

3, Startijig at about the 7th grade, if differences appear , 
they tCTd to be ui tile males- favor, particularly on 
tasks involving higher level cognitive skills, 

4* TTiere is some evidence that s«-related differmces in 
mathematics learning in high school may not be as 
large in 1976 as tijey vrere in previous years. 

5, ConclusiOTS reach^ about male superiority have often 
been gattered fran old studies or from sttidies in 
viiich the number of mathOTatics ccwrses tricen yms 
not CQntrolled. Therefore, a better mathraiatically 
educate gro^p of males was being canqsarad to a ffcmxp 
of fCTiales 1^0 had participate in less mathanatics 
education. In reaUlity, what was beii^ cOTpared were 
not finales and males but students who studied 
mathOTatics 1-3 years in hi^ school with stoadents ^o 
had studied mathCTiatics 2-4 years in high school* 
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Sex-Related Differences in the Studying of Nfetheinatics 



^era sex-related differences in the sttJdying of 
Trntixmrnticsl feis is indicated by females choosing not to 
enroll In mathCTiatics courses in high school and by the paucity * 
of fOTales in miversity mathOTiatics cairses. Undoubtedly, 
the niost serious problCTi facing tiiose concenied with equity in 
mathOTatical rfucatlon for the sexes is mswii^ that fmales 
continue tiieir study in mathematics. In si^ort of this state- 
ment consider SOTie data from Wisconsin. Dmlbg the 1975-76 
acadOTic yeari \Aile approximately the sane niitiar of finales 
Biyi males \mre enrolled m Mgebrai in the idvincrf courses 
ttmry more males wre enrolled (see Table 1). 



Table 1 



Nurtber of Males m\d Females Enrolled in Wisconsin 
in KtathQfMtics Coinrses^ 



Course 


Nbles 


Fonales 


Algebrab 


41,404 


41,579 


GeamtTf 


20,937 


20,280 


Algebra 11 


11,581 


9,947 


Pre -Calculus 


3,234 


1,917 


TrigOTometiy 


4,004 


2,737 


Analytic Geometry 


1,752 


970 


Probability/Statistics 


1,113 


581 


Conqjuter Nfatheniatics 


3,396 


1,481 


Calculus 


611 


262 



^Data obrained frOTi Wisconsin DeparttiOTt of Public Instruction 
EnrollTOnt Statistics i 1975-76, 

Students enrollad in one year course and ^two-year coursa* 
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Although only syn^JtOTiatic of the affects of mny variables, 
electing not to sti^y mathOTatics in high school beyond minimal 
or college requlraMits is the^ cause of ttmiy fOTiales ' non- 
participation in mthOT»tics related occurpations, one 
variable which can Tse positively identified as causing sex-related 
differences in mthamtics leainuig is the differential nuiter 
of yews fanales md males spend fonally studying aM using 
mathraiatics^ ,Si^. a SMr^listic e^lanation of sudi an nr^ortant 
problifti seons too good to be true, Hewwer^ this author believes 
strongly that if the moimt of ttoi spent learning mathamtics 
is equated for/fOTales md malesp educationally significant 
sex-related differmces in mathematics performmce mil disappear. 

A nMber of researchers axe addressing the issue of equality 
.of educational opportunity in relation to qumtity of tme spmt 
in sdiool* Hamischfeger and Wiley (1975) presOTt the clearest 
^01ication of a model which staws the relation betwen pt^il 
actlvltias in school and academic achievement* ttamiscMeger and 
Wil^y believe that there is a. strong relationship between aca- 
demic achievement and hours of instructiOT. They state: 

In a school-level regression analysis, we estlmted 
the coefficents linking verbal, reading, Ad mathe- 
matics achievraient to number of hours of iM^Action 
per year with adjusttnent for pupil's prior diaracteris- 
tici. In terms of typical galns^in achievCTWit avet a 
year's i^riod we concluded tiiat in schools idiere students 
receive 24 percOTt more schooling, th^ will Increase 
their average gain^ in reding CCT^rehmsion by two-^tiiirds 
md their gatas in m^CTatics aiKl wrbal skills by TOre 
^ than one -third, TTiese tropeidous effects Indicate that 
the amoimt of schooling a child receives is a highly 
relevant factor for his achievOT^t (Wiley ttornisdifeger, 
1974, p. aj. 

While the effect of nonelection of mathOTatics courses is 
the most important cause of sex-related differences in tiie leamlng 
of mathOTatics, explicit infoiroation conceding the ^u^| of 
fensales electing not to study mathOTatics is largely imaTOilable. 
Ansmrs to^^ the following ^estions are essential* 
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1) What is the scope of the problem nationwide? Are 
there geographical, socioeconomic, or race differences 
in the elect icn of msthOTatics courses? 

2) ^e there identifiable geogr^hical areps or sdiools 
vtfiere differences exist in the election erf mathCTiatics 
courses by fraales? Vihmt are the diar£.cteristics of 
areas aid schools vhere either an imusually high or low 
percentage of f males elect to study mathCTatics beyond 
minimal requironents? Casserly (1975) offers sane 
infOTnatiai regarding this^question, 

3) Are there sex-related differences in the type of mathe- 
matics courses being taken by tlie sexes? ^e fCTales 
taking more teminal or applied courses sudi as 
"cmsiMier'' mathematics while males trice courses that 
lead to iftore tranced stu^? 

How to dimge fonales' election of mathanatics courses is 
unlaioim. In fact* chmging my behavior in a systenatic way 
^ears to be m elusive * if not possible ocairrence. It has 
be^ siiflplietically aasunBd ttat iim first atep in dw^ing 
b^Wf^O' is td idmtify the muMtlvm fartore of that 
behavior. Since the relatioiship be'bi^en a factOT mid a behavior 
cm not iisuaUy be directly observed^ and in spite of tlie cauticnMy 
ranarks. by statisticians* causative factors are tisually idOTtified 
as those which ocoir in jwrt^oAtiai tte brtmviGr \m3^ 
ccnsideraticn. After these so-called caisatlve factors have been 
identified^ many believe that one has on^ tD-^modi^'than and the 
behavior automatically chmges iji the ^sired way. Although this 
dialn of mferences has some validity , there are seme probiOTis with 
it. Not all factors related to performance cm be modified. For 
exaiple, there f.re many studies whidi indicate that mothers* 
eiiiational attaittnmt is related to daighters' educatiaial aspirations. 
It is obvious that whi]^ this piece of infoimaticii is interesting ^ 
mothers' educational attainments are almost itopossible to chmge. 

ttflnm behavior cari not be partitlmed into specific factors 
for other than^^xheoretical puipMes. Evot vAien m^ificatim m m 
identified factor is possible, the factors exist in such a conplex 
network of intersect ing factors that modificatim of one is 
ineffective in prodicjjig Img rmge behavioral diange* Sane 
related. factors s \Aile perhaps anOT^le to diar^e, either 
cannot be dienged by achOTls ttie sdic»ls poesible ini^ct 
is lijTiited.. For exai^le, some data indicate that fathers have 



a direct influenca on girls* perfornance in the cognitive areas. 
Tha possibility of schools charging fathers* treattnent of girls 
is eitoer uipossible or so prohibitively expensive in ttoe aiid 
resources to render it ^possible, 

it is OTily sensible to concentrate the efforts o£ NIE in 
areas in irfiidi chmge my be effected. Tlierefore, this paper 
will coreentrate on TOriables which are related to fanales' per^ 
formanca in mathOTatics mri vAich are niost ammable to change by 
intervention tectaiiques within tiie franework of formal education. 
Since tiie concern here is with ensuring e^ity in mathCTiatical 
rfucation of fCTiales and males , CTptasis will be upon identi^ing 
tiiose areas related to matSianatics perfommice in which sex-related 
differences have been ioimd. * 

Cogilltive Variables 



'^tiiematics is essentially copiitive in nature ; and the 
principle p distinguishuig ^als or objectives of mathCTiatics 
instruction are (and should be) copiitive ones" (Weaver, 1P71, 
p* 263)* Sfcce mathOTatics is a copiitive endeavor, the logical 
place to begm to look for e^lanatory variables of s«-relat^ 
differences in mathCTiatics perfoironce is in the copiitive area. 
It is within this btbb that the most ijiportfflit imriable can be 
found| i.e. 9 the sancunt of time spent s'bidyij^ math^ii^tics. This 
var^ble has already been dlsdssed. 

In addition to total amouoit of tiine ^ent in studying mathe- 
inaticSi iwhat ot© studies is also uiportant. Qae learns vtfiat is . 
practigM. If me practices coi^tatiohal algorittmis (el low 
level cognitive task) one learns to cOT^te acoirately md quickly* 
If one practices solving problOTis (a high level cognitive task) 
ona learns to solve problem, Smce there appe»s to be s^-related 
differences in levels of copiitive skills in mathmatics, can one 
assune that fem^es tmi to spffid more time doii^ one level of 
cog^tive task ^ile males trad to do another level of task? TTiis 
would be e^y to ascertain at the hi^ school elvel by finding 
out if fmiales md male^tend to t^e different types of mathOTia- 
tics courses. It is also of vital importance to*Mcertain if 
alCT»itary school fOTales imd irales spend tiieir time in mathmiatics 
classes doing somei^t different activities. 
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spatial Visualization 



Che cognitive variable that may help e^^lain sex-related 
differences in mathCTiatical achievement is spatial visualization-- 
a particular subset of spatial skills. Spatial visualization 
inwlves visual imagery of objects i movement or change in the 
objects thraiselves pr change in their properties . "IJn other wrds 
objeets or tiieir properties must be manipulated in one's 'taurf^s 
&ym^- or mentally. Even though the existence of mmy 
sex -related differences, is beli^ diallen|ed, the evidence is still 
persuasive that in the .Arorican culture male s^eriority on tasks 
that require spatial visualization is evident begiiming ^rlng 
adolescence (Fennana, 1975; Maccoby | Jacklln, 1974), 

The relationship between mathOTiatics and spatial vlsuallxation 
is logically evident. In mathematical ^tems spatial visualization 
requires that objects be Cmentally] rotated, reflected and/or trans- 
lated. These are iirportant ideas in geometry. In fact Janes and 
James (1968) in defining geometry as "the science that treats of 
the shape and size of things , * . the study of invariant prcper- 
ties of given elCTients imder specified gc^s of ttansfcrmation' 
(p. 162) are describing accurately mst conditions which are met 
by itmis on spatial visualization tests. 

Nfany mathCTiaticians believe tMt all of matiiOTatical thought 
Involves geOTiatrical ideas because the total disciplliie of mathe- 
matics can be deft^i^ as the language for describuig those aspects 
of the world v^iich c&i be stated in terms of "conf i^ratioM*' 
(Bronowsldp 1947) Meserve (1973) believai tiiat each person who 
ffl^es extensive use of all areas of matt^natics uses the modes 
of tiiQugJit of gecmetiy at every turn md tiiat "ev^ tM most 
abstract gecmetrlcal thinking must retain som IJjik, however 
attenuated^ with spatial intuition" (p* 249). In the Russian 
literatojre, mathaiatics and spatial abilities are regu^ded as 
ins^arable (tebmova-Meller» 1970). Therefore, if spatial 
vlsmlization itwis are geometrical in character and if n^thmatical 
thought uivolves geonetrical ideas , spatial vlsiaali^ation and 
mathOTatics are Ins^arately inter'bdned. 

Not only are spatial visualization COT^nrats an integral 
part of the structure of mathCTWticSj but spatial r^resentations 
are being increasij^ly included in tiie teaching of mathraatics , 
E. g.^ the Piagetlan conservation tasks, which are becomijig a part 
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of many pre-school programs, inTOlve focusing on correct spatial 
attritaitas before quantity , lOTgth, and volinne are conserved. 
MDst concrete and pictorial r^resentations of arithneticali 
gaonietrlcEl and ^l^ebraic ideas appear to be heavily reliant on 
^atial attributes. The number line, viiich is iised extensively 
tb.r^resOTt i^le manbers mi operations on thOTp is a spatial 
represCTtation. COTmitativity of multiplication illustrated by 
tumuig an airay 90 degrees » ijivolves a direct spatial visualiza- 
ticm skill, Mm/ other wOTples could be cited. 

Althcw^ tiie relationship of mathOTiatics and spatial 
visimllEation ,i^ility appears logical, aplrical data coirflTOing 
a positive relationship are less cIbw. Mmy factOT analytic 
s^idles have es^lored tiiis relationship md several authors have 
reviewed' the llteratiffe. Seine Invfestigators have definitely con- 
clude that spatial skills mi learn^ of matiianatics are not 
related. In 1967, Very concluded: ''Research on spatial ability 
has failed to produce any significant correlatiOT of Cthe spatial 
factor) with any fKet of mathOTatlcs perfdnnmce" Cp* 172), 
.Fruchter (1954) stated that "spatial ability is imrelated to 
actdamic performance with tte possible exertion of a few veiy 
specialized courses such as engineer ing drawing'^ (p. 2) , anith 
(1964) COTcluded tiiat altiiough '*tiiere are sewrsd. s tidies vJilch 
indicate consistently that spatial ability is i»^)ortant ui tests 
^^ch are genuinely matiiematlcal as distinct from those vihldi 
tevolve purely asedimlcal or cOTputatlonal processes * . • the 
questlm lAetter the mathCTiatic^ ability Is d^ndent on the 
vimial factor (or factors) has not bam def uiltely answered'- 
(p. 127, 68). 

Even in the ^aciallzed mathsmtical area of gea»try vfcere 
mm would eaqpact to find the strongest relatiafiship, ^^Irlcal 
findings do not indicate clearly that tt^ two are ralated. Lim 
coKludad In 1962 after a ttoro*^ review of relevant literature 
that tha avid^ce for a ralatlOTship betweOT georotric ability 
and spatial visualiEatlon \ms iJicoi^istmt and mrmliBblm. 
Iterdelln (1961) was not mlling to concluda definitely tiiat 
^[plrical data indicate that spatial visimllzation ability and 
geomatry ability were related* ftwever, he felt tiiat *'tiiare is 
strmg padagogical reasOT to balleve in a connection betwan the 
Aility to visuallza and geOTetTic ability" (p. 39)* 



EKLC 



Other autliors feel that data ii^icate a positive rela 
In 1951 p Qiilford, Green md fliristensen concluded that spa^al 
visualization ability helped in solving mathematics problems\ 
French (1951, 1955) show^ that successfiil achievment in matne- 
mtics depends to sme extent on use df spatial visualization 
skills. In a recent review, Aiken (1973) concluded that 
spatial -perceptual ability was one of the **most salient" matiiOTa' 
tical factors extracted in various fnvestigations. Obviously, the 
relatiorahip be^^een learning in mathOTatics md spatial ability 
is not clear aid the need for more data is great. 

Even less is knowi about the effect that differential spatial 
visualization has on the math^natics learning of fOTales and males* 
Irjdlcation that the relationship between the leamii^ of mathe- 
matics and spatial visualization is 'an iiiport^t consideration, 
is th% ooncurrent development of sex»related differences.^ in 
favor of males in nmthematics achievement md spatial visualization 
skills. No significant sex differences in either mthCTiatics 
achievTOent nor spatial visual isatipn skills have b^n consistently 
reported In subjects 4-8 years old. Sex differences in perfor- 
mance on spatial visualization tasks becOTte more pronounced 
be^een upper elmffita^ ye^s and ti^ laBt year of Mgh sdiool 
and the differences sho^a pronounced increase dinring this tune 
span (Maccoby S Jacklin, 1974) . Sex differences in mathOTiatical 
achievement that do exist also a^eir during thAs time span 
CFennoTia, 1974). 

It appears reasonable, therefore, to l^othesize that since 
there is a conoirrent developiental trend and since tests of 
spatial visualization contain many of the sane elOTients contained 
in mathematics, the tm might be related. Perhaps less adequate 
spatial visualization skills may partially ©cplain sex-related 
differences in achievanent in mathematics* 

The Fennema- Sherman study specifically investigated the 
relatioi^hip between mathOTatics achievCTient and spatial visuali- 
zation skills. These data do not support the idea that spatial 
yisualization is helpful in explaining sex- relate differences 
in mathenatics achievQnejt. In this sttidy of fanales ai^ males 
(Grades 6-12) enrolled in mathOTatics courses, few sex-relatri 
differences in either mathematics achievwient or spatial 
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viSimlizatldii skills were foimd. Hie mo were related 

» ,5) similarly for both sexes and spatial visualisation 
i^aar^ to influOToe both fOTales and nales equally to continue 
sl^idying luth^natics. 

Several a^as should be investigated to clarify the 
relatioMhlp beto^een. spatial visualization skills and fCTiales' 
fonwice in mthamatics* 



1) What is tiie i^act of spatial visualization skills on 
fOTales* learnii^ of gTOmetry and their election of 
additional mthematics courses? 

The big dr^of f in the number of females in mathOTatics 
courses occurs afte^lOth grade, vAien students are OTrolJ^ in 
traditional, luclidean geOTietry classes. Although no prteise data 
is available I sttjitents appear to view geawtiy classes differently 
th^ view otiier mathOTiatics classes. This view of geometry 
msy be a strong influence on decidu^ whether more matheratics 
courses are taken* More infonna'tion is needed related to this: 
What infliience does geonetry have on the decision to elect iMre 
natiimatics coyrses? Because of'the ^atial vi^ialization 
ccnpOTant of geometry^ are we^er sfatial viwalizatiOT skills a 
d^ermuiing factor of miccess ui this area? 'Diere has hemt 
SOTe research conducted in this area but Mne regarded as 
defimtive. In relation to geometry, apadier area needs investi- 
gation. Is the deductive con^onent^^fgeometry a factor in 
fOTiales* success or election of iror^ mathematics courses? 

2) Wiat is ttm effect of spatial skills on matheinatlcal 
/learning at various devel^mental levels? 

Stoith in 1964 hypotiiesizrt that while spatj^al ^ility may 
not be reiitri to math^iBtics ability at beguming stages of 
mathodatics leaniuig, ad^wc^ matiimatics leamwg increasingly 
dmpmdB spatial ^illty C&iitii| 19fr4) , It would appear that 
tMs hypothesis was made mFm^m a nu*tt €£ 

studies vducA us^ hi^ sdiMl or college students bs si&jects 
and relatively sophisticate ^thlftatic^l ideas as criterion 
mMsixres* Little or no data werc^presmted from studies with 
>mmger learners. Fto^^er, in 1964 me could have built a strong 
argunrat to st^ort the idea that spatial ability was not relatri 
to mathematics at begiiming stages of mathematics leaiming* Little 
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or no geometry was ta^ht at the^re-high school level and t»st 
pre-high school math«natics te^ts focused priinarily\n ^ithme- 
tical/coi^tatiOTml ide^. Werdelln (1958) foimd c^^tation to 
be negatively correlated with spatial ability. Therefore, aiith's 
i^Qthesis that spatial ability t^s not related to math^tical 
ability fft ^egumin^ stages of mthCTatics leaming was ^elievmble 
in 1964. The tests used to measure mathamtics achievCTiint 
probably include few itons rale^mnt to spatial ability im as 
such reflected tte mathematics progrmi of most schools previous ' 
to 1964. ' - 

Suice 1964 a major dimge Ims taken place in Mst K-12 
mathOTatics ciOTicula. GaoTOtiy^as become an integral part of 
the entire mathOTatics rarriculim. More ^^hasis is beuig placed 
on the structtffe of mthCTatlcs end increasingly nathOTiatics is 
taught as an iriteirelated systan of ideas. In order to leara 
new ideas, l=ewners are d^endent i^on the^ presence Of pre» 
requisite ideas m their copiitive struc&e. Little is taiown 
about the ^ipprtance of spatial ability in the acquiring of 
these prerequisite mathamtical i^eas upon which all advanced 
math^mtical kriowledge is based. .The Influence of spatial ability 
on learnuig elenmtary mth«naticdl ideas may be of the utmosr' 
iflportanca, 

Developnmtal psychologists pattern^ on Piaget teve 
tiieorized tfiat at different stages of copiitive developmmt ^ 
certain modes of thought predOTiiriate. Ideas are added to cme's 
costive stmcture by utilizing actions, s^nbolsV which represent 
those actions, and syBmols alone, in sdmevfcat different blends. 
According to this theoty^ mental structi^es are fonwd hy a 
contmaal process of accomiMdaticm to bhA assmilation of the 
OTviroiffiientr This adaptation Caccoiiir»datiOT and assmilation) is 
possible because of the actions perforrod by the todlvidual vpon 
the OTvlronaiwit, These actions dimge in diaracter md progress 
frciii overt, senso^ actions dme almost conpletely outside ^e 
individual'^ to pwtialiy internalized actions vdiich can-be done 
with syntols r^resenting previous actions; to tfOTplAe abstract 
thotsht done mtirel^with syntools. Thus^ develo^riit in cog- 
nitive grojifth progreises from toe use of physical actions td^ 
fom schmas to the use of symbols to fqm schmas, i^^., learners 
chmge f rom a predominant reliance i^oa physical actions to a" 
predomifiant reliance* i:pon spibols . 
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Kbthe^tical rtucators Imve increasingly actepted this 
tl^ry of. CQpiitlve developront and have tra^lat^ it into 
' educatiOTal practice by an increased OTpImsis i^n the instn^* 
tional i^a of three modes to represent mathOTatical ideas, i.e., 
concrete COTactive), pictorial (iconic) ^ Mid syn^lic. Such 
a belief suggests that tiie- blend of the usage of these repre- 
smtational/ modes should reflect tiie copiitive devel^nental 
level^ of the leaiiier. Particularly at flarly Stages of mathe- 
matical leamuig it is iii^rtant to provide learners with 
concrete r^resentations of mathOTiatical ideas while s)^ols 
assrae increasing J^^ortance as leainers maUira mathmatical 
ideas becane more cai^lex, - 

Ibst cotun^ete md pictorial r^resentations of mathCTatical 
ideas incliide spatial attributes , some of idiich we relevant to 
the mathematical* idea being taught and %am of which are not^ 
The only ^y to add matiiOTatical ideas to one '5 cognitive struc- 
ture at ewly developmental levels . is by uitersrction wl^ con- 
crete or pictorial materials vhidi r^resmt those ideas, and 
since tiiose r^reSOTtatioite depend heavily ot spatial Attributes 
if OTie is hanpered In perception of those spatial attributes 
tifen c^e is hinpered to learning tiiose early mathematical ideas. 
Without taigwledge of these ideas, it is impossible to leam 
advTOced mathOTatics/ Therefore, spatial visualization appears 
to be important at^early stages of learning. 

' SieiOTi (1967) has suggested ^ttiat boys outperform girls 
m spatial tasks becmise they devel^, tiieir spatial skilis by 
participating voluirtarily ui more spatially oriented activities. 
Girl's leariF to read mora easily tiiM do boys. Bwatise of ease 
of*^e of syi^lst i,e,p reading , .do girls TOluntarilyi or 
are th^ mcouraged to rely more heavily on spnbols to l^am 
mathedatlcs ratter than using concrete^ or pictorial r^resm- 
tations? If so^ perHaps inad^uate usage of spatial rqpresm- 
tations may hfflper both tiie developamt of tlteir tpati^ skills 
md more advanced mathaimtical learning.^ I»fo ^ta w£% available 
to give ii^wht iiito this prdblm. ' Bo^lrical data from s^bxlies 
dealing wiu^the i^^^tff various r^resmtatimal modes are not 
amclusive evenr^out the value of concrete pictorial 
represmtatlcSis . As far as is taiown no stirff has included 
spatial vimjalizatton as a factoy,-- Certainly , iMre data we 
needed. 
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3) What is ths interaetion a£f«et ot spatial 
visualization ability and oth#r abilities 
en achia^^aQt in mathamatlas? 

W@rd#lin (1961) shewed that girls prevad varbal 
thfeerOTis b etter than teys but mre less abl# to trans-^ 
late words into flgurajp images and then to transfezm 
those images in a directed way. Mother trul9Ai# which is 
still accepted by Maeceby and Jacklin (1974) # is that 
females* verbal ability Is more highly developed than 
is males Dees the devalepment ef verbal ability in 
some way interfere with development of spatial ability? 
werdelin (1958) a faeter analytic study found one 
spatial-visual facxor in high school students which 
was related to a factor he called mmthematlcal reasoning. 
Interestingly^ h^t foimd the cwrelatlpn between his 
spatlal-visuai factor and a numerical (or computational) ^ 
factor was negative^ Females often scOTe higher on , 
tests of computation than do males. Perhaps higher 
development of niunerlcal or computational ability 
interferes with development* of s^tlal-vlsualizatlon . 
ability. Both ef these questions appear related to 
the earlier ono of ""the impact of spatial ability on 
early mathematical learning. Does facility with 
aymboli—eomputational or verbal — Interfere with 
development of spatial skills? 

4) What is the effect of possessing a greater 
variety of well developed abi^lities en ( ; 
mathematics learning? 

Harris and Harris (1972),. Werdelin (1958), and 
Very (1967) have sheiim a langer ntmiber ef space factors 
for males than for females. Werdelin (1961) conclt^ed ^ 
that if ofte could attac^^^^roblem either verbally . . 
or spatlai^j on e WQuldT'Fe mpre apt to be able to solve 
it. His data showed that ^ beys were s^iertor^^fr ^tTOis^~~ 
which measured the ability to c«nprehend the organic- 
nation of a visual figure and to reorganize it. 
Where items could be solved by verbal means .and did 

not require that the proKlems^^ tean slated into a 

mental figure, no sex differences were £ otmd. If males' 
have developed more abilities than tave females thev 
are able to attack matHeinatl cal preblems -±tt-^-WH fietY 
of ways and thus score higher ^;^n mathematical achleve^^ 
mant tests » ^ ^ 



5) What sax dl££arancas In mathamatics achieve- 
mant vould hm found if spatial visualization 
•I wars not a faatdrf s 

,Tittla il9^) has shown that many tests eominonly 
used to mmmmmm achlievamant ara saxually blasad^ If 
a mathmiatlcs tast oontalns many Itrnis raqulrlng s^tial 
skills in thalr solution^ famalaa posslbl^ will not 
do as wall as will malas. It would be vary interes- 
ting to oonstruct a test that had llttla or no spatial 
oontat^t in it and oompara the saxas on aohlevameAt* 
Parhapis no dlffarancas will be found If tha test 
Gontant is controllad in tha spatial araa« On tha other 
hand/ spatial visualization may ba suoh^an Intagral 
part of mghar mathamatical thinking that eliminating 
spatiml aspaots of mathematics tests too narrowly 
rastricts the araa of mathematical thinking « This aspact 
should ba investigated « 

Coefnitiva ^tvle 

Although not traditionally vlawad as a cognitive, 
variabla^ cognitive style utilizad in tha learning of 
mathematical content as well as In Sevalopmant of pro- 
blam solving stratagias appeals to ba important in 
undarstanding sax-related dlffarenqas in mathematics « 
Cognitive stylas basad on two s^awhat '^f farant 
aspfbots naad to be considered, i^a« ^ global-analytical 
and spatial-^ verbal « Ona appears not to im a useful 
avenue of invastigatlon while the' othar doas^ 



Wltkin has baen tha fbramost axposltor of a 
global-analytical diqhotonriy In parcaption and a tho- \ 
rough raviaw of his work can be fomd in Kagan and \ 
Kogan (1970)* Witkln has consistantly reportad 
sax-ralatad differencas in tests measuring global*analy-% 
^^-H-f/^ai gViUfi. ,^iT>nA mathanmtlcs i s n oted for analyti e 
thinking (e»g.v Analytic Ga^etry) / parforraance on xsBtp ^ 
measuring something callad analytic ability has wide 
appam4 as an explanation of less adequata female matha- 
matical learning » Hwavar, this relationship appears 
t6~ter^^BiOTantic relationship at bast, ^alytid in^ 
one casa does not mean the same .as analytic in the 
-TOie— afialyfe4c^^feili^y^^4ascr hy- Witkin^^ 



appaars to involve performanca on parcaption tasks and 
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thm analytic ability required in mathamatica involves 
a high laval cognitiva' task with as yat poorly undar:- 
stood dlmansions. Tharafore, tha analytie-global 
dichotomy suggastad by Witkln doas not appaar to ba 
a uaaf ul tool in undarstanding problam aolving^ strata- 
gias or tha.laarning of l ithamatica (Schonbarjgar^ 
1976) * In addition / ona of th© mOTa important eomponanta 
of tha analytic-global taaks affactlng luthamatlca 
laarnlng may ba tha spatial dlmanaion Includad in 
auch tasks (Sharman^ 1967) . 



toa cognitiya style dimension which may help in 
under standing saK-ralated differences in mathematics 
is tha bland of spatial-verbal skills utilized in mathi 
matlcal problam solving. Many mathematical problems 
can ba solved by the use of symbols and/or by the use 
of figtiras or drawings. For example, consider the 
p^blam shown in Figure 1. 
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Miat is the area of t}\e figure enclosed by the heav;^ lines? 
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Figure 1. 



ERIC 



-99- 



ii2 



--^ v ?i® problem can be, solvad by counting the squares 
ana half squares included in the figure. Thus L + i + 
i»« ^^^w- * ^ ^m^rm units. The problem 

can also be solved by mentally moving the half squares 
at the top or bottom of the figure so that a 2 x 2 

square results which has an area df 4 square units 

In both solutions, verbal skills and spatial skills 
are utilized. However, the blend is somewhat different 

1^4.7 skills used predominantly in the first 

solution and spatial skills used predominantly in the 
secdhd solution. - 



already been said that little is known about 

??>,-^!^*^,''H"*^ are utilized in learning 

math«natical ideas. Even less is know about how Sr if, 
the verbal-spatial dimension of cognitive style is 
utilized solving mathematical problems. It seems 
reasonable that there may be sex-related differences in 
the use of this cognitive style. Such differences may 
be an important contributor to differences in mathe- 
matics studying by the sexes. This area needs 
investigation. 

f ^"ff*^ Tntelllaence and C omponents of Mathematical 



«; ■ Without a doubt the major . intellective factor - 
related to jnathematics learning is general intelligence 
as defined .by any nimiber of intelligence testi. How- / 

differences are not apparent irom the^ 
test*. (Maccoby & Jacklin, 1974). Such ability does / 
not help, eaqplain sex-related differtaces in mkthemat^s 
performance (for a thorough review of* this, see / 
AmstrOTig, 1975), ^ ! 

K4i.i"°?®^ approach t6 understanding mathematic/l 
afeiiity. has been an attempt to identify its compdhents 
through factor analytic techniqiTes. Sex has been used 
as a variable in many such studies. Synthesizing 
these studies is difficult, lither no sex-rela^d 
differences in factor structures have emerged^ oi^ -- - 
Tff?f?^? differences have not been replicated. /Aiken 
has done a i-eview of faptor a^lytic sti^ies 
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dMllng with mathto«tical ability and this ravisw 
refleats th# taiowl^dga tiaia in this araai. Ha aaneludaa 
that "intar--individual and sax diffarancaa in matha- 
matiaal abilitiaa mrm, of aouraa, prasant at tha 
kindargartan lavai and undoiAtadly ear liar" (p. 204) • 
Howeyw, ha doaa not apacify what thaaa differancaa 
ara or Indead eita atudiai which confirm that 
diffaranaas axiat in any eoniiatant pattarn. Many 
of thaaa atudlaa appaar to have baaz^ carafully daaignad^ 
Jjiml^antad and raportad, but at tha prasant tima 
l^^rmatlOT. gained frmi tha studies has not halpad 
„ln uBdarstte^^M sax-r alated diffaranoa a in m athanmtiaa^^^ 
jt 4a diffioult to b^^^ 

in this area would be useful # ^ 

Verbal yariablas 

Verbal ability aa maasurad by language ^sta of 
various^ kinda (vooabtilary/ apalling grammar # raadlng^ 
ate,) ebrrelataa highly with mathamatical performanoe 
(Aikan, 1971) . Hwavar, reaaareh ralating thia wriabla 
and mathfmatlca ddas ttot provide insight into ^ex-related 
differaiices in verbal ability favor famalas 
(Haoooby 4 Jacklin, 1974)* Since verbal factors are> 
so Iniportant to mathematics, why don't famalas achieve 
better in mathematics than do maltfs? Little or no 
data are available to, answer this intriguing t^uestion,^ 

One! important area could ba aonsidajrad^ Perhaps 
the. verbal factor related to math^atiqs £s somawhaf / 
dttffarent f rom the verbal fac€dr trvBftlttrially axaminad. 
In ordar to learn or to use. mathamtida^ona must be / 
facile with mathamatical language. Language is ^ital 
to^mathamatica* starting with nwttoera and n^aratioh 
and cmtinuing into the ^oic mathamatical bparmtiona 
of addition^ subt£^actipn, multiplication and division, 
mathmitftics haa a high'ly specific syii^olism^and-syntax 
%rtslch must be learned. As orte pr^ressea to highiar 
jBftthgnatlcal levels^ a^bolism is increasingly ^ad to 
aiqprdsi^iaeas . is unigue to jjiathamaticsi 

It la laolated within mathematics i and without a ' 
thorough knowledge o^ irfei^^fart^et-mathamatiral thought 
is impossible. It would appear that whllp the verbal 
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faster la mmthematlcs might ba vmry similar to the 
vartel faetor of words, there are also differences, 
Conqiseness Is one difference* One mathematleal synbol 
is e^ival^nt to many worda^reaulting in a high concept 
/denslfty in irtathMiatics ^^tlng.- Another difference is 
the learnlnaofr-th s^bols* Learners are embedded in 
a Mcial--mtfHeu which constant^ bombards them with 
warfs. Not so with ma thmatlcal symbols. TWiir use 
is restricted to a great degree to mathematics classes 
in schools » Whether or not such a specialised verbal 
factor can be identified is unknown* but it appear^ 
reasOTable that such a factor exists and that it might 
provide some understanding of sex -related differences 
in matlimiatics st\idy* 



Aff active Variables % 



Most educators believe that affective variables 
are ijnportant contributors to the learning of mathe- 
matics and the relationship between the two has been 
,the object of many studies. Attesting to this is the 
availability of several excellent renews (Mken, 
1970ai Suydam apd Weaver, 1975 i Callahan and iSlennbn/ 
19751 Aiken, 1976)* Hoover, conclusions reached in 
these reviews appear to be contradictory. Suydam and 
Weaver (1975) summarizing elemtotary school studies 
state I "There is no consistent body ^ research evi^ 
dence^to support the popular belief that there is a 
significant positive relationship between pu^il 
attitudes toward math^atlcs and p^W acHievmaent in 
mathematics^ . . . We have little research baals for 
believing that these two things are causally related" 
ip* 1*3) * Also reviewing elmentary school studies 
for the SMie age Callahan and Qlennon (If 75) agree 
wi^h Suydam and Weaver^ Wiey conclude that the state 
of the art "makes it difficult to present CCT^elllng 
research evidence , • , that positive attitudes play 
an important role in contributing to math^wtlcs 
achievement" (p,\8p) * Aiken (1976) statess "Wien 
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vattlt^^ seores mf# used ms pradletors of aahlavam#nt 
in mathmatlas^ m low but slgnlfieant posltiva corre- 

^Imtloa la usualXy found" (p. 295) at the elementary^ 
s#€ondary# oollaga undergraduate and poatgraduate^ 
levels* 

Pmrt of the aoi|tradlotory aonclualona qan be 
e^lained by the ^ge the aubjeots being eonaldared 
in th# reviewa* Two revlewa (Suydani and Weaver^ 1975 1 
Cmllahu and Glennon^ 1975) were baalcaily eonoerned 
with olllldren in Graded 1-6* Problmif of aaaeaaing 
mttittide lA these grades have not been addresaed 
^adegmately and ladfe of earefully dealgned meaauring 
i instrymeBj te may have oauaed revieiirera to aeriously 
^ueatluu ^^^aignif leant dlf ferancaa reportibd* Aiken, 
in hia revSe^# was ooncerned %rith a muoh broader age 
speetrm. Even while reoognliing the aerioua problema 
conneoted with the atudies of young ohlldren, he was 
willing to accept the evidence as having amtie validity 
becauae the reaulta ooinolded with atudlea having older 
subjects. 

The moat aerioua problem preaented ^ the work 
doiie in this are% la the definition used of the con- 
struct "attitude"* One flaw is the ImpreofiieiSesa of 
the definition. For exainple, Callahan and GUilnnon 
(19751 define an attitude as children's liking or 
disliking of mathmiatlod. Aiken in one place <1970a) 
offers a definition bai^ically in agrement with Callahan 

-^and Olenn^ and in another (Aiken, 1970b) defined 
attitudes as ^'variables which are not explioitly ' 
neasuredrH^ testa of ability" (p,28), (One ironders 

^ if the color ot hair of the subjects might be. an 
aititttde . ) what 1* tto adtual; dimension that has been 
measured in studies dealiing' with attitude Does i€ 
ihvoive M^hor la, depression # conVi^nse in perfotining 
the task, belief that mathematias ^s usfful, rftcognl* 
tloa^'VsUdCeSS frtei peers, anxiety or sense of 
failure? Hiese dimensions are quite often included In 
a single scale t^lcli purports to measure "attitude"^f 

Miother aerious flaw in many attitude atudlea la 
—the global Jdeflnlt ion of mathematica uaed^ Mathmatics 
is a ccn^leii discipline involvlt^r many kinds of related 
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but div#rs# 'fUbJect mattars and skilla. To aastm# 
that a person ftfels tha sama toward ei^ch j^rt of matha- 
matloa la not raaaonable. For axMipla^ eomputing the 
artawra to 50 thraa digit by three digit multlplieation 
probl«ia could aaaily arouse different f eellnga' in a 
person frcxn thdae aroused when solving a mathematical 
puzzle, 

* . • 

Taking into consideration the, problems not 
addressed by the researeh reported to date, several 
tentative oonolusiOTs can reached « 

1) There is. a positive relationship between 
attitude and achievement which seema to 

J^nereaiie ..as^^j^ea^era. vprogrM 

2) Attitudef te^mrd math^atic% »re fairly 
stable— particularly after about the sixth 
grade, although one longitudinal study 
showed a marked decrease ^om 6th grade ^o 
12th grade (Anttonen, 1969) , * - 

3) Grades 6-8 seem to be critical in the develop*^ 
ment of attitueiea* 

4) Extremely positive or negative attitudea 
appear to be better predictora Qf achievement 
than more neutral feelings » 

5) . There are sex-related differencisa in attitudea 

toward/ mathmiatics , 

' * - . 

Even though there ia consensus that sex-^related 
differences in mathematics attitude exist, the magni- 
tude and specific dimensions of these differences; are 
unclear* Suydam and Weavec /C1975) quote studies with 
contradictory results and say that in other studies^ no 
significant sex-r|ilated differences wre found* \ 
Mken states that the correlations betwien attitude and 
achievTOient gysnerally are somei^at higher for girls thto 
for boys and that significant differences in attiludea 
are frequently found to favor males over femalea* Baalc 
agremient with this latter conslusioh was reported in 
tfie Fennema-Sherman study with learners in Grades 6-11 
CFennema-Sherman, 1977; Sherman-Pennema , 1977; fennema 
and Sherman, Note 1). 



I Thp okiakan and egg question conaerning attltuda 
mild mehiav^ent Is relavant. Do poor attl-tudes rasvilt 
£n poor mahrtfvmant or vice varaa? Undoubtedly tha^a 
is mn Intaraotlon tetwaan tha fcwo and changa In ona 
mf faets tha othar. Howavar^ thara la idma avldanaa 
that varlablaa qtbar than achiavmant Influanoa attltudaa 
toward mathammtlcse Tha Influanoa of paranta appaars 
to ba signlf ioant In tha formation of attitudes « Tha , 
fattaar appaars to ba the dosnlnant lnfluenoe« Howayar/ 
a note of omutlon muat ba Intarjactadp In 1976 f^hars 
df^arall hava muoh higher lava la of mathematleal training 
and use mathem^tloa mora* Slnde the studlaa from whlah 
the oo^luslon of father Influence waa drawn did not 
aontroi' mathmiatlaal Imowledga of tha parents ^ 
matheiiiatioal aophisticatioii la probably the relevant , 
variable Instead of the mmu of the parents 

Biany people believe that taachars' attitudes 
toiirard mathamatics are Important determinants bf pupils;' 
attltudas, . Bcmfi studies si^port this while others do 
notf Most^ studies have been in the elementally school 
Where partltlmlng teacher affect Into one subject 
araia Is risl^ at best. Working with, middle school or 
high school teachers who haya salactad iuth«natlcs as 
an^^araa of specialty also presents difficulty as long ^ 
as ona in only concarnad with, the narrow 
'aiklng-dlgliklng" definition of attltuda* These 
teachers # brcause.of the similarity of their mathama- 
tioal b4ckgrouxMi^ Jindoubtedly show littl^ variance In 
thair liking of , ma thaim tics. Overalls the data avails- 
able suggest that taachars do affaot pupil attitude 
dev|al^mant/ both by the teacher's attitude and 
aff aqtlyanass • There also appears to be sex of teacher 
by sa^ of pupil Interaction « . 

It must ba stressed that all conclusions about 
attitudes toward mathamatics. are tentative and iMsed 
on studies which have not defined "attitude'* similarly. 
In addition/ the measuring Instriimants used tmdoubtedly * 
did not control for saK-relatad concerns which may 
have rasulted in biased rasults. It appears that past 
rasearch dn attitudes tovmrA mathamatics la not Inrnia- 
diataiy halpful In understanding or planning interven- 
tions to modify sax-related diffarancas in mathamatics 
ttchiavamantt , . ' 
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Scmm Insight Is gminad whan m broadar definition 
of feallnga toward mathmfiatica la usad, l^a*, tha idaa 
of affactiva variablas as dafinad by Krathwohl at al, 
(1964) . Affactiva variablas ara thoaa which daml 
\f±th faalings, intar#sts, attitudas, valuas, and 
Miotlonal sats or blaaas, Qt this Inflnita sat of 
variablas, those will pm dlscussad which seem helpful 
in undarstandlng saK-ralat#d diffarancas In mat^piaties 
study and learning and which may be amanabla to change 
by direct intarvantlon. procaduras , 

SteraQtvolng Mathematics as a Male Domain ^ 

It is cMmionly accaptad that mathamatlcs is 
staraot^ed as an activity mora appropriata for males 

than for.famklas* It has baan baliavad that tha sax 

t3^ing of mathamatics as mala starts in tha aiamantary 
school , baccmas stronger during adolascant years and is 
solidif ied as a mala domain by adult yaara.: Hoi^avar, 
Stain apd anithalls (1969) and Stain (1971) provlda 
avldanca that mathTOatic^ is not consldarad mascullna 
by famines and males until* adolascant years and avan ^ 
* durinq thasa years is not ranked as highly mascullna as 
ara spatial, mechanical and athletic tasks ^ Bobba 
(1971) found that with fourth and sis^th 'grade subjacts, 
arithmetic was Judged to ba famlnlne by girls while 
boys Judged it to ba appropriata for both saKes^> TJia 
FannmiiL-Bhannan study indicated that f emalas In 
grades 6-12 deny that mathamatics is a mala domain* 
Whila the males in the study did not strongly stereo- 
type mathmatics as a mala dOTialn, at each grade they 
staraotypad It at significantly higher levels than 
did famaie&p In the adult, world, it is a fact that the 
use attd creation of mathematics is predominantly a 
male dom^ln^ Stein and anithalls (1969) offered evidaiwa 
^ that^ in 12th grades famales parcaived this fact and 
w#re responding to the. raallty. The females in the 
Fennema-Sheritten study may^ have been responding to this 
reality ^ thair overt act of not electing to enroll 
in mathamatics courses* 
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' 3^ eanelusioii^ there Is no eqmpelling avldance 
at, ^^mmnt to ooneluAe that prior to high sohool^ 
^nftthMWtlos is strongly mmn t^ped* Hmr#var^ during 
liigh sdhodl ysmrs £#mml#s inorMsingly. behmve ms if 
thtt^^u^e aiRMi'^^^^t^ is for malas» 

fRwoughottt high sehooi ytars, nial#s tend to stereotype 
MathMtttios as a male dmiain at higher levels than 
do fiemales* Several areas jlated to the sex typirig 
of mathoiatios ^ should ^(i^^vastlgatedp 

1) Afe certain n^thema%l€il areas mora sex 

typed the^others? E«g,r ia problem solving ^ 
stereotypeo a^ male and dc^utatlonal tasks 
stereot^ed ms female? 




2p iihat 14 tlie effeet on females of males' sex 
typing mathmneties as masculine? 



3. Is sex typing of mathematics a stable variable? 

AAievement Motivation in Mathmatlcs ' 

Ctesely related to ^and affected by stereotyping 
of mathematics^ as a male dmiain Is achlevmient moti- 
vation in mathematics » Mathematics is^ a difficult - 
eidbjeot to learn and In order to achieve well In 
ittatSemtics ^ one must be highly .motivated. JJnfortunately^ 
Aohievmient motivation as a . constructv has been 
vaildati^ largely by; using taslu wlth^ arousal condl- . 
tions which correlate highly with wscullne pers^Mllty 
cH^^^fc^^l^tlcs^ such as congpetltiveness and' leader-- 
^sMp (Stein and BalleXiJAtl^ ^-M^^^ ^ ^fc-^^ad-We^sMtany 
^^ ^75 ) J B eca qge^^EHese traits have not been positively 
a#foclated with .the female sex role« fmiales have « 
tiei^d to esdilblt thmm to a lesser degree than hav^ ^ 
males* As a results it has been concluded that females 
have less achlev@nent motlvatl£n than da mftles*' 
Bowever, Stein and^ her assTOi^ps (see Stein references) 
of a|i alternative Interpretation » ^ey si^gest# 
and of f er Bam data to su^ort the beliefs that 
achievement notlvatlon^ is exhibited In areas which 
are stereotyped as appropriate for one's sex. There- 
fore^ according to this theo£T# if mathematics Is 
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par'€#lved as mors appropriate for malas, thmn females 
will ha v€ lass' aohiavemant motivation in this area. 

Little ia known about the impact on laarnlng 
mathmiatios of the psyohologieal conatruct of achieve- 
ment motivation. Much la being inferred from psycho- 
logical studies utilizing subjects" responses made \ . 
during short time intervals. While such studies result 
in testable hypotheses in a sehool setting , direct 
inftoenae about mathematics learning is in^osslble. 
Two exangples. Illustrate this point. 1) Stein and her 
cqlleagues have written at length on achlevMftent moti- 
vation as it relates to sex. The studies rest on a 
sound ^theoretical base that achievement motivatloi^ is 
area specific and not a generalised motive." They 
indicate rather ^clearly that the sex typing of a 
subject is related to each sex's achievement, motivation 
In that subject. One method used to assess level of 
achievement motivation is length of time a aubject 
will pursue a task in an experimental situatlpn. This 
is lal^led persistency on task. Certainly persistency 
la related to the learning of mathematics. However^ 
the relationship between persistency in a relatively 
short ejqjerlmtfntal situation and persistency on a day 
to day basi^ over a school year's time is largely 
unknoim — ^and it^ Is the latter which Is Important ' 
to the learning of mathematies* 2). The major relevant 
conclusion of the Stein studies, that of.;sex typing 
of mathematics by both adolescent girls and boys, was 
obtained Toy an *3^erli»ntpl task involving an addition 
probl^. There is little addition In high school 
mathematics. Assuming that learners respond to an / 
addition task In high school in the sutie way they 
respond to algebra or gecwnetry tasks Is erroneous. 

It is tinknofm how achievement motivation is 
related to sex-related diff etences c in mathematics 
learning. Information concerning several questions 
would be helpful . 

i) Are there sex-related differences in achieve- 
ment motivation in mathematics? If these i 
differences exist, do they appear mt all 
grade levels? 
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2) now Mtabl€ la aehlavamsnt motivation on a day 
day bpsis in matli^matica cj^aaaas^ and mra 
thar# a#x-ralatsd diffarancaa in thia stability? 

\ 3) Can aahlavamant moti^^ation torn in^rovad in a ' 
aohool pmttttiql 

i-^Poffanb#riir and Norton (1963) baliava that larga 
aooiatal influaneaa can improva malaa ^ aefalavamant 
inoti|»tiqn* Thay axuilnad gradaa from 1955-60 »^ the 
post Sputnik era, in which thara was graat hua and 
er^xabput Rua^aian aupariority in gpaca tachnology. 
Mala gradas tshow^d marked improvamantii Poffanbargar 
and Jiorton attributa this . to improvad achiavamant 
motivation baca^aa of tha cbmpatiti vanaaa arouaad ih ^ 
malaa. If thla^liaf la valid, it might ba that -ona 
raault of tha cu^ant aocial cllmata that la baginning 
to parmit achiavamant by famal will ba famalaa* 
Improvmiant in matharmtical akl]^la ^ , 

Motlv^ to Avoid Succaaa.in Mathamatica 

Slnoa Hdrnar (1968) iirat of farad avl^nca thtft 
famalaa-'-partleulariy high achiaving f^alaa«»-'faar 
iucdaai In itmla appropilata araaa^ much 'haa baan 
f^lttan about auch a mdtlva aa an a^lanatlon of fmi^laa 
exiajtlng imdaraehlavMAant* In a ainqpllatlc way tha 

^theory goaa aoma thing lika t^iii In achlavamanit ataaa 

^It^antiflad aa mala \^ara famalaa would compatihg^ 
with malaa (e.g. madicina^ law« buainasa, math^natlca) 

h famalaa with tha capacity to, perform at high lavala 
will not attempt to aphiava, Thay rafuaa to cbmpata \i 
bacauaa *i£ th<y are auccaa^ful, thay fear a variety of 
smctlon'^ from malaa Thaoratically the motlva to 

vavold succaaa beccmaa incraaaingly aallant during high 
school and collaga* yaara , Some studiaa have aupportad 
this thaoratlcal cow truct while others hava not 
(lladnlck and Halaatnan* lf75) , The FannOTia-Sharman 
study did not show .that* high achool famalaa faarad 
Succasa in mathamatlca any^mora than malaa did nor that 
tha mojtiva became atrongar aa aubjacta prog^aaad 
through high achool. , / 



It would be profitable to gain more information 
on typmm of mathematical activities and thm motive to 
avoid success. Mathematical problem solving and games 
of ten. involve direct competitionp Such activities 
encouraga mathamatics learning and provide enjo^ent. 
Do feMlea exhibit a fear of succass whan directly 
competing with males? If such a motive inhibits 
females * participation In competitive mathematics 
activities, their mathematics learning might be Inhibited 

Effactanea Motivation in Mathematics 

Ona variable^ which has bean hypothesized to show 
a sex-related difference , is af fectance motivation* 
This motiva can be "inferred specifically from bahavior 
that shoWB a lasting f ormalii^ation and that has charac- 
taristlcs of axploration aii€ exparimentation" (White, 
1959, p. 323) . It is closely related to prol^lem solving 
activity and is often called Intrinsic motivitlon. 
Thir» motivation would encouraga learners to partlclpata 
in mathematical activities at high cognitive levels* 
Soma believe that females are not so involved in problem 
solving activitlas as ara males (Carey, 1958; Kagan, 
1964) IP Tha ^'ennama-Sb^rman study found no^sex-ralatad 
. difference in this variable at any grade laval Xrom 
6-12* However, because this type of motivation la so 
essential to the laarning of mathamatics further inves- 
tigatiotfais, warranted. 

The Co mfldance-Anxiatv Dlmansion in Maiihmiatlcs 

One tends to do those things one feels cofififfent 
to do and to avoid activity as which arouse anxiaty. This 
conf idance-anxiety dimension, as it relates to mathe-^ 
jnaticisJ^arnlng; is ona ^ tha mora important affective 
variable that helps axf^^n sex-related differences in 
mathamatics learning. ' 

» The relationship of anxiety and mathamatics 
leatning has baan axplorad by a variety of methodor®glas 
and.^with instrwnents purported to maasura dabilitative 
or facilitatlVe anxietiy in general €ind/or specif ic to 



mathMTiatics* Callahan and Glennon {1975) conclude 
.±ha,t _ "^lliyjp^2_a^ ^ra ralated* In genaral 

high anxiety is assoela tad with lower achiwaTOnt^^in-—- - 
math«iatiaa" (p. 82) * Raporta from nLSMA indicate that 
across Grades 4'*1G dacreases in facilitating anxiety 
appeared^ ^with famales' scoras decreasing more than 
males' scores^ Dabilltating anxiaties incraased for 
females during thasa grade levels (Crosswhita, 1972)* 

Confidence per se has not been given specific 
attention as it relates to mathematics e^e^t in the 
Fennema -Sherman study ^ However, self -concept, which 
appears to ba defined in the various scales as self 
confidence, has received much study, Levlton (1975) 
and Prlmavera at al* (1974) reviewed the literature 
dealing with self-concept and both concluded that a 
positive relationship exists between acadwic achieve- 
ment and self esteem, Brookover and Th^as (1964) offe 
evidence that self concept is not generallzable but 
jrelated to spec aAdemic areas* Callahan and 
Glennon conclude that there is a positive ralation- 
ship between self-esteem and achlevmient in mathmatlcs 
Others have also recognized tha Importance of acad^ic 
self concept in learning mathematics (Bachman# 1970i 
Pink, 1962), J 

Although both^ confidencrTtft^anxiety have been 
defined as separate traits/ it^ appears in relation to 
n^theiTOtics* th^ are very , similar , In the Fennema- 
Shernian study an attempt was made tb measure both 
e^onf idence and anxiety,^ A.h^hrating on, the confi- 
dence scale correlated higher^£^^ ,89) with a low 
rating on the anxiety scale. While it may be possible 
to talk about the two Independently it doesn't appear, 
to be useful. 

Th^ literiitura strongly supports the fact that 
there are sex-relatpd dlfferencep in the confidence-- 
anxiisty dimension. It appears reasonable to' believe 
that lesser confidence, or greater anxiety on the part 
of females is an Important variabl^'lirhich helps 



a^lain s#x-relatad differences in mathematics 
studying • Crandall at al; {1962} concluded that 
^atFlt-^^mdereatimate their own ability to solve mathe- 
Mtical problems. Others have concluded that females 
feel Inadequate when faced with a variety of 
inteHective^ problem solving activities (Kagan, 1964). 
Maccoby & iJacklin (1973) reported that "girls tend 
to imderestimate their own intellectual abilities more 
than beys do" (p, 41) , ' 

In the Fennema-Sherman study, at each grade level 
from 6-12, boys were significantly more confident in 
their abilities to deal with mathematics than were 
girls. In most instances this happened when there were 
* no significant sex-related differences in mathematics 
achievement, in addition, confidence Jn learning 
mathematics and achievement were more ighly coripelated 
th^n any other affective variable and achievement 
(e - .40) k Confidence was almost as highly related 
to achlevwaent as were the cognitive variables of 
verbal ability and spatial visualization. 

More Information is badly needed concerning females' 
feelings of confidence, what contributes to its develop- 
ment, and possibilities of intervening to change it. 
At what age should this intetvention take place? ^ 
Currently, there are a number of mathematics anxiety 
clinles operating at the uftiverslty level. It appears 
that/ while changes could take place .with*. university 
age students^ it would be more prof itkble to Intervene 
with much younger students* MathMiatics learning is 
cumulative and" if a low level of confidence is operative 
beginning at sixth grade, the learning that has taken 
place during the middle and high school years, as well 
as on^'s willingness to elect to study matheirotics, will 
have been affeipted. If females could. ^ prevented 
frcan developlBg feelings of anxiety or lack of con- 
fidence, more positive attitudes toward studying 
mathOTatics might result and their mathematics learning . 
would be improved. ' ' 
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Uasfulnasa of Mathematles 

A dittmrmnt kind of mffsctlva varlmbla la ballaf 
In tha personal uaefulnasa of mathmatlcs# Hilton and 
Berglund (1974) and tha Pannama-Sharman study providad 
data Indicating that f^alas to a lasaar dagraa than 
malaa bel lava that mathOTiatles la paraonally uaaful. 
Howavar, tha dlfferanca batwaan famala. and mala ballaf a 
about tha uaafulneas of mathmiatica iras not as graat In 
tha Fann^a-Sharman etudy as it ymm in tha Hilton--Barglund 
atudy^ Thla may Indicate that th# baliaf a of f amalea 
ara bacoming mora aimllar to males In thla aapact. 

Other Affaetlva Variablas 

*Thara ara a niambar of other variafelea which have 
baan hypothaalzad to contribute to sex--talated dlfferencaa 
In mathmiatloa achlavmiant* Several appear to ba only 
aymptoma of the baalc problem of not electing to study 
moramath^atlca^ Inter vent ion with thea^ variables 
.would ba similar to treating the awelllng tof Jaws whan 
ana haa tha mumps* Such variablas Include ^axtra 
eurrioular actlvltlea in mathamatlca and ma^hmiatlca 
ralatad eourses studied. ' \^ 

Another variabla whoaa educational implications 
are . unknown la locus of control * Locus of control, aa 
i% la ^ralavant hfra# is tha axtent to which a parson 
feals rasponsible for har/hla ^succaas or fallurav.in 
aeadamlc araaa. ordinarily studies have indicated that 
fam&las feel they have lass control than malaa dc^over 
suacass or failure and females are mora apt to attribute 
thalr suacass or failure to sMiathing out aide of tnamaalves' 
such as fata or^ luck (Crandall at al. 1965r Massar^ 
1972} # In addition famalaa expect less success thaj| do 
mmlab and this appeara as early as klndarga^ten 
(Frlaza, 1975)^ However, other studies have somewhat 
countarad thi^ trend and have auggeated t^iat tha par-\ 
calved sax ap^opr lateness of a task inf luanoas whether 
ona faals parsohal control over the task or axpacta 
sucdasSp Translating this psychological dimanalon into 
implications for education has not yet baan done. If V 
Investigation is to ba done in this area# such trans- \ 
latlon muat rjecalva top priority* \ 
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Critical Educational Variables 



Thara pre aax^ralated dif farencas in the final 
QUtcema of mathCTiatical adueatlon dua in large part to 
famalM' raluctanqa^ — if not refusal --to elect to study 
mathOTiatics* Some intervention is essential at the 
present time to ensure equity in mathematical education 
for both sexes. However, beforfe effective intervention 
can be planned, more information is needed about critical 
variables which are amenable to change and important 
in the educational process. 

Learnars* 

Ths critical question of which females should be 
the target population of any planned intervention is not 
easily answared. Females with the intellectual abili- 
ties as well as emotional drive to succeed in mathe- 
matics related curricula at colleges/universities are 
one obvious population; It is probably within this 
population where the greatest success will be realized* 
At least two other groups of females should also serve 
as target population: l,e*, the precocious ahd the non- 
college bound student* There is strong evidence that 
intervention with the precocious is extrwiely difficult 
(Pqk, 1975) p Perhaps the most difficult groujiv^s 
well as the group which needs intervention the most, is' 
females from poverty areas and in particular, black 
females^ Th? NAEP results indicate that the lowest 
group of achievers on consumer type problems is black 
females. It is outside the scope of this ^per to 
make decislons^ concerning which group of femaies should 
receive what percentage of attention* In mmm way 
this problTOi mu^t be resolved humanely, rationally 
and efficiently. 

Teachers ^ 

Teachers are the most important educational influ- 
ences on students' learning of mathTOiatics* From 
kindergarten to high school, learners spend thousands 
of hours in direct contact with teachers ^ While other 
educational agents may have influence on educational 
decisions, it is the day by day contact with teachers 
which is the main influence of the foMial educatiohal 
institution , Part of the teachers ' influence tm in 
the learners' developnent of sex role standards. These 
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sex rol# standards include dafinitions of acceptable 
aehievMient in the various aubject areas. It is bali#vsd 
that this Influence by teachers. is exerted through 
differential treatment of the sexes mm well as expec- 
tations of sex-related differences in achievement* 



Schonborn (1975) concluded that'mariy stiidles^have— - 
Indicated teachers treat fraale and male students 
differently « In general, malfs appear to be mote 
salient in tfte teachers* frame of reference* Teachers' 
interaction with males is greater than it is with females 
in both blame and praise contacts. Teachers also 
reinforce in both fmnales and males sexually stereotroic 
behev4or deemed appropriate for their sex (Sears and 
Feldman^ 1966)* Brophy and Good have been the major 
investigators of teacher treattient of f^ales and males. 
Tlwir well designed studies have been concerned basically 
with investigation of males ' treatment by teachers * In 
addition to sex of student they often include sex of 
teacher as a variable. In several studies they have 
concluded that girls and boys receive equal treatanent* 
However^ the data from one of their major studies shows 
that while the sex of the teacher was unimportant, high 
achi^ving^-high -^ohrol JMys^ Mce i_ved_ s igni^ icant ly more 
attention fin mathmtaties class than any othaf grot^^ ^^^^^^ 
(Good, Sikes fc Brophy, 1973). toother study involving 
first grade reading replicated this trend at nonsigni- ^ 
floant levels (00^ and Btophy, 1971,) * Oie must question 
why no conclusion imm reached about inequitable treat-* 
ment of high achlel^lng females* 

~ Several unanswered questions remain: 

1) What are the effects of differential teacher 
treatment and expectations on achievement and 
election of mathematics courses? 

2) Do teachers differentially reinforce males a^d 
females for specific kinds of mathematical or 

s sexually stereotypic activities? Are males \ = 

being reinforced more for problem solving \ 
activities while females are reinforced for \ 
cdnputational activities? i 



3) ^at is the affect of sax of taachar on matha- 
rutlcal achlev^ant of boys and girls? While 
0»Brlen (1975) raports txo sex of taachar 
affect. Good, Sikes and Brophy (1973)# and 
Shlnadling and Pedarsen (1976) report that 
mala students do best in quantitative scores 
when taught by male teachers • 



Thare is soma evidence that schools do influence 
sexual stereot^es^ Minuchin (1971) concluded that 
children who attended schools categorized as traditional 
or modern differed in thair sax- typed reactions « Ihe 
Intaraction of the saxaa'was diffarant in Ui^se schools^ 
also^ In the most traditional school boys bacame 
leaders in problmn solving while girls bacama followers. 
This was not so in the less traditional schools. The 
sex role behavior of children attending traditional 
schools was mora rigid than children attendincr liberal 
schools • ' 

Smie schools are remarkably more effective in per-- 
suading fmales to attmpt high achievment in mathe- 
matics. Casserly (19f5) Idantifled 13 high school. which 
hia ifii imusually high p^ lir advancatih— ™ 

placement mathamatics and sclanca classes. She concluded 
that the schools had identified these glvls as early 
as fourth gr#da and the s^ool teachers and peers were 
siipportlve of high achievement by the females, Rowell . 
(1971) pursued the same type of investigation is attMipting 
to identify schools and their characteristics which pro- 
duced high achieving fmiales in science. Studies Idanti- 
fying and describing those schools which are particularly 
successful in encouraging females to enroll in mathe- 
matics -beyond minimal requir^ants should be done^ 

f ' - ^ V . 

Many are advocating that female only clasas will 
result in equity in math^atical education. The argument 
for this type of school organization goes something 
lljce this. Because pear prass\ire against female compe- 
titiveness is too strong a force # females will not 
compete against males in mixed sex classrooms. Female 



lemdarshlp (In problam solving in thli casa> is only 
abl# to am#rga whan cmipatltlon with malas la sllmlnatad. 
Taadhers will not have different sax-related expecta- 
tions and behaviors If only ona sax Is presant. Slngla 
sex olassrooms appear to provide a simple solution to- 
rn aMiplax problam^ However ^ the weight of evldanca 
found does not support this type af group 
=flW3>--eoftvincingly arguas* that throughout history 
separate education for the sexes has resulted in inferior 
education for femalas* Kaaves^ (1973) aftar a careful 
and thorough review of mathematics and science aducatlon 
in 10 -countries^ concluded that the "axtant to which a 
comnunlty provides for education in single sex schools 
would appear to indicate the extant to which it sees 
its boys and girls requiring different preparation for 
dlffarent 'societal roles*- (p. 52). Ha "argues that "in 
so far as a cOTmunity has different esqsectatlons for 
different groups of Its meit^ers and proceeds to mould 
i^s future numbers through different organisations^ 
thtfn it falls to provide equal opport\mltles for indivi- 
dual development" (p« S2) « in an unreported study 
coR^^rlng attitudes of lOth grade females who had spent 
most of their educational life in single or mixed sex 
olassrooms^ femmles frm the ml^ed sex classroOTis 
exhibited significantly more positive attitudes tward 
Rtttthmiatlcs (Jennmia-Meyer^ Note 2) . 

Before single sex classromis are embraced as a 
panacea for females* educational equity r careful examl<- 
nation must be done concerning long term ef fectlYeness- 
of such programs. In reality, this tnay be a partially 
non researchable problmi. No one can foresee the 
Implications for females 50 years from the present time 
of being isolated in their mathematical training « 
Because of Vhat has happened to fancies as well as blacks 
over thf last century, single, sex classroom school 
.organization must be approached with caution. 
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Concluslona 



Although many b#llava that malas achiave at higher 
math^tiatlcal levala than do famalas* this Is not trua . 
for all groups of fanalaa and malas « Faw aax-ralatad 
dlf faraneas in achiavM^ avidant bafora high school. 

Khan the nimbar of yaars of mathamatics study is aquatad^ 
faw dlffarancas in achlevamant ara found during or 
aftar high school. It is trua that mora fmiales than 
malas alaot not to anroll in math coursas during high 
school or post-^high school yaars« Tha critical problm 
in providing aquity of mathOTatical adueation for tha 
saxas is to maka sura that -equal numbars of famalas and 
malas study mathmatics li^yond minimum raquirmants. 

Although this is not a aimpla task^ tha first stap 
has baan takan, that is, national racognltlon of tha 
problm, Fwtharmdra, thara is anough convincing avi- 
dahoa from ra^^^^^ to st^gast that Educational 

policias in tha scluols should ba abla to ancouraga mora 
f^mala partieipatldk in mathmatlcs« Wa also hava 
anough laads f rain rae#nt rasaarch to suggest that further 
rasaarah efforts eoul^be axtramaly fruitful in helping 
us to battar undarstapd dlffarancas in participation and 
in suggesting altarnative policies for imklng puticipa* 
.tion in mathmatios mora aquitabla. 

It is Important to reallia va are teglnning to 
vnderstdid cognitive, aff active and educati^onal- 
variables that are associatad with sax-ralated dlffarancas 
in course election and mathmatlcs learning # ^For 
exampla^ with the possible exception of spatial visuall- ^ 
nation/ cognitive Variables do not sem helpful in under- 
standing sex^related differences in math« More infor^ 
mation about the Intarralationships of spatial 
visuallzatlqn skills and mathematics learning Is essen- 
tia because of the increasing ralianca on spa€ial 
attr^ibutes in school mathmatlcs programs and the 
strong evidence that thara are sex^related differences 
in spatial visualisation^ Particularly critical is the 
question of how spatial skills are used in mathematical 
problmi solving and if this usa differs by sax« 



R^saarch also Impliaa that affectiva varlablaa 
appaar crucial in explmlning eax-ralatad dlffarancas 
in mathamatics study, Although, much of tha previous » 
rasaarcli which has Invastigatad attitudas toward matha*- 
matlcs is flawad, praaant litaratur^ Indlcatas that 
two affactiva variablas ara important i parcalvad 
usafulnass of mathamatics and confidanca or anxlaty 
in laarning mathOTiatics. In addition, tha dOTiain of 
variablas ralat ad to ataraotyptng mathamatics as a 
mala doinain sawis particularly crucial. Mora infor- , 
mation Jls critically naadad on devalo|»nantal pattarns 
of af factiva^varlablaa, stability of such variablas 
and affactiva wys of Increasing poaitiva attitudes 
toward mathmiatics. 

Educational variables which appear helpful in under- 
standing and ultimately aliminating sax-related dif-<^ 
ferances in mathmaatics can be categoriiad into varimblas 
dealing with learners, .teachers and school orgaxlization« 
Although little iiiformatlon it available th 
concerned the relationship baleen thas# varlaplei 

and sex^relatad differences in mathmatics, several tan-- 
tatlva conclusions imy be statedi 1) Subgroups of 
famalas may differ in cognitiva and affactiva variablas 
ralated to mathmatlcs and may reguire diff arant aduca* 
tional traatmants; 2) Since teachers treat fmiales and 
males diffarantly. It may follow that thi*^i4f#»#ntiai^ ™ 
*tra%tment af facts the willtngnsss- of females and^males to 
study mathemkticsf 3) Becsusa of posslbla long tarm raml^ 
ficationa, a math^atlcs program organlsad to provide 
single sax InatructioA must be approachad' with axtrama 
caution. ■ ■ ^ 

• 

In conclusion, there ia much we now know from 
research about reasons for tha unequal participation of 
f ma las and males in mathOTiatica^ ' First, wa knqw thara 
are differences in mathmiatics study, starting about the 
tanth grade (e.g., dif f arantlation of choice begins to be 
obsarved^ as more educational and personal choices are 
available). Second, we ^now that thera is little 
difference between females and males in inost cognitive 
variablarf axcept for viaual-apatial skills • Third, wa 



not only know "that attitu5as ara Important tha 
eholaes b#lng mad# by individual fsmalas and that th^ae 
atti^tud#s Qomm from a variety^ of sources such as the 
soci6ty# f wily# teachers* schooling and pears but some 
attitudes have been identified which are related to 
on-going participation in mathanatics and which discri- 
minate between fmialea and males « Fourths we also 
know that thSre exist mcmm programs that have been 
successful in changing attitudes. This information also 
suggests what we still need to know to be^ mor^ -effective^., 
in chang|rng females- participation in mathmatlcs. 
Por e^te^le^ we need more information about whan -and what 
affects crucial female attitudes towards mathmiatics; 
lie must identify those sources that may be most suscep- 
tible to change; we ne^ to know mora about the 
coii^aratlve effectiveness of certain measures to change 
attitudes of different f^alas towards mathematics i we 
need to better understand the real impact of the observed 
cognitive differences between females and males and the 

Relationships between verbal skills / visual skills and 
mathOTaticaT iearnin^^ know more ^bwit the 

actt^al procedures being used in school mathematics 
inetruction that directly result in inequitable par^l- 

^^tphtion in mathematics by the sexes; and we need mOTB 
examples of succjisses and falluries in actually Inducing 
mor# faille participation in ma:thematic5. 



Recommendations 



The body and conclusions of this paper suggest certain 
recOTonendations for funding focused on improving females' 
participation in mathematics » These recoRunendations are 
directed toward three areas i 1) Directions for research 
20 Intervention or dMtionstration projects and 3) General 
considerations to optimize' the chances that the money 
spent will accarnpllsh its goals ^ i^e«# to improve 
females' participation in mathematics as soon as possible 
and to ensure that females will continue to l» involved 
with math^atlcs» 



Directions , for Research - - * 

1 . Wall daslqned studlas which will provida know - 
ledge about variables relatad to females' daeislona to 
study or not study mathamatlcs beyond mlnlmiaiTi raaulremants 
should recaiva highest priority . Each study fundad 
should deal with a population of specified characteristics 
so Iraportant conclusions can be generalized to groups 
with similar characteristics. Since a tremendously comple 
interplmy o£ affective, aducational* societal and 
possibly cognitlva variables affact the decision to study 
mathematics/ many different types of studies are necessary 

, 2. Studies funded should deal ^ directly with matha ^ 
matics Instruction and learning . The importance of 
investigations made within the realm where bahavloi 
is to ba changed can not be over emphasized* Results o£ 
such investigations are immediately generalizable and will 
provida needed Information for planning effective intar-j 
vention programs to increase females ' participation in 
mathematics* The projects to be funded should rest on 
sound theoretical foundations with translatiqii into 
action or deeper understanding of the educational raalm 
as the goal* 

3* Bcmm studies fundad should deal d iractlv with 
the relation betw een verbal, visual and mathammtleal 
siciils. a snaclmllv as they ralata to femala^mala 
dif ferahces * Stability of relations aerosa jnany. develop- 
mental levels as well as patterifis of development among 
these cognitive variables should be investigated* 

Intervantlon Pro 1 acts 

1. Carefully described action programs designed 
to Increase specific target populations of women's 
participation in mathematics should be fx^ded * Such 
programs must have accurately described features and 
well defined target populations so that the programs can 
be replicated with similar populations* There are 
currently many intervention programs in operation , 
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Howevar, there is pratically no ganarali gable knowledge 
about eftectiv© Intervantion, as^cept for tha fact that it is 
extrmaly idfflcult* Each program funded ahould rest 
on somid thaoratical baies, ba designed for wall iiflanti- 
fiad sub-populations and have well described features. 
Any Intervention must be planned considering many affac- 
tive and eognitlva variables in the compleK envirorTOant 
of schools* Learner characteristics, teacher characteris- 
tics* niathematics content, instructional method a4*d classroom 
.organization must be considered * 

2. Each intervention project which is fun^^^ should 
include plans for extensiva evaluat-^on , Inc 1 uded mus t 
be long teCTi avaluation as well aa short term evaluation, 
A permuient change in behavior of females toward mathe- 
matics roust be the goal of any intervention program and 
this change can not be assessed immediately followiag 
participation in such a program* Critical long range ' 
evaluation points should be identified* Plans for 
gathering data at those points must be included and f imds 
must be made available to ensure that the true effect 
of interventions can be ascertained. In addition plans 
for evaluation should include prwision for assessing 
wintended as well as intended consequences* 

3* Proiects funded should Qriolnall v ba small scale 
croqraros * These programs should be located in a realistic 
field setting so that their effectiveness and social 
Impact and transferability to larger projects can be 
ascertained* ^ 

4. Praiacts funded should in clude a diversity of 
target grouos in addition to the females dii^ectilv involved* 
The opinions of parents, teachers, cotmselprs and in par- ^ 
ticular male peers make a direct contribution to a female's 
decision to study mathematics* Unless such significant 
others' opinions of females as learners of mathematics 
is positive, it will be extremely difficult, if not 
impossible, to change f males' traditional patterns of 
behavior toward mathematics • 



Basle ConslderattC^s 

1.. lAterdlsclpllnarv tmrnmrn of sc holars as well as 
practitioners s hould be acti v alv Involvad In fundlno 
decisions as well as fandeA prnjwni-a. Two groups of 
scholars must be specif ically involved; i.e., those 
concerned with the- study of women and mathematics educa- 
tors .-^ Mathematics education is a specialiMd field 
which includes research scientists as well as developers 
and implementers of curriculum'; People from this field ' 
can' most -effectively investigate current mathematics 
learning as well as make effective plans for^hangittg 
mathematics curricula. However, mathematics education' 
scholars must be Joined by scholars who have demonstrated 
their concern for achieving equity for women.- It is 
this latter group who will be particularly helpful in 
identifying specific areas of concern. 

In addition, scholars frcMn other disciplines such ' 
as psychology and 'sociology would ^ovide breadth of know- 
.ledge which. would increase the possibility of change. 
Since the major changes which will achieve equity in 
mathematics for females will have to take place in schools, 
practitioners who understand the parameters of effeeting 
educational change must also hir involved in decision - 
making and carrying out of all projects, 

2. A substantiaL portion of funding should'be avail - 
able for longitudinal studies and long ter m -projects , ^e 
importance of long! tudlnal studies f«r understanding 
sex-related differences In mathematics and their reiated 
variables is evident. Such- studies ecu Id- provide infc 
tlon about stability of important variables within an 
individual as well as identify which variables are of- 
saliency at various developmental points . 'Long term 
evaluation of all projects should be included. 

3. 'Chains of related ingulrv must be funded . All 
too often, both in mathematics education and research on 
women, Isolated atudiea and projects are done. Isolated 
pieces of information that result from isolated activities 
will not effectively help women gain, equity in mathematics. 
Only when profitable studies and effective projects ire 
followed, by additional studies and projects will we build 
enough knowledge to effect change. 
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EFFECTS OF BIOLOfrlCAL FACTORS ON SEX-RELATID 
DIFFERENCES IN MATHEMATICS ACHIEVEMENT 
By , 

' Julia Sharman ^ 

Wonien*s Reseirch Initttute of Wisconsin, Inc. 

• 'Introduction , 



Tht ti^k of this paper Is to presint a critical review of the llt- 
t^stUTi relevant to the efftcti of biological factors on sex-related 
.^^fferences mathwiatlcs performaneeivwith rtcommendatlons for further 
J^ll^t^h. The piper Is organ liiB to consider very briefly some historl* 
deflrliplonll and conceptual IssuM before procetdlng to the literature 



f^^yll»#/^ T(ii ravltw will j^e organlied around hypotheses which have been , 
^.^anetd to e)(p1a1n differences In male-female mathematics performance. 
' »^Vlew»1s^ollcyad by^n annotated bibliography of the mst widely 

t elttdp iBportant and^WtevanrTtodtfiST^^^ — ^ — - i jii- 



wteTitfs- about Udmenls Intellectual Ferformance 



\li Is widely believerf that women are not so Intellectuany competeni 
^as men ^Brovermint yagflt Broverman^ Clarkson & RosenkrIntZp 1972| Fern- 
^o^gw, 19^K It Is especially believed that women are Inferior In 
'WSlhfRiattcs and science. These be lief s^. which have||been common through- 
mit rseorded hlsfory, have accortpanled £y disbelief ^hen woinen perform 
f|pT!t IhteTleetually. Such performances are df ten attributed to lubkt 
^.to^ffidlng hard workp but not to ability. Theft distorted attrl- 
' occur In men and women all km (for a revlw see Frieiet. Fisher > 

M^ulh I Vallet In press). The belief that womtn are not so 
leetyalTy eompetent ap is also acconparfled by the belief that 
reytf not be in lirlT^lTrrtimlly rnmprtnnt mrrt (fnr n impla^ of 
views » see ^WFaolaln i Martln|s» 1973), Hie essense of this 
/iem% be t6at a woman should not Uhrtfaten the status of a mant 
tet^^ntellec^ual coir^etence or even excgllehce Is permitted so long 
y iiiaT# status Is not thr^itenedp e.g,^ women can tfo an excellent 
Job of helping men, - 

;^ With the Increaslhg social importance of science In the 19th 
Gtfttury^ scientific e for supposed female Intellectual In- 

fi^forlty 6eca^^ popular. One of the most cmmonly believed was that 
Sigiin iittre Intellectually 1^ to meji because their brains are 
;^irttir (Ellliv 1908)i Subsequently iM^ln slie. In the normal ranges, 
hM been found to be uncorrelated with Intelligence. Another commonv 
b#11eC wii that the womb draws tnergy away from the brain (Clark » 1873), 
Not only, did this view attmpt to account for Inferior female IntelHgenceg 
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but it alse contained the implications that intenictual work would 
damage women's fiproductive capacity and health. In this way 1t served 
as a rationale to keep women away from education and Intel Itctual work 
"for their own good." ' , 

, In the United States in the 1970' s views of women's inferiority 
intelligence and in status have been chanenged by a call to the ideals 
of our constitution and democratic heritage of equality of opportunity.. 
It is well, however, to remain cognizant of the perspective of history. 
Biological explanations of female intellectual inferiority vhich now 
^4tfem foolish have been well respected. scholarly views during their time 
(Shields, 1975). 

Is Triere a Sex-Related Difference in Mathematics P erformance 7 

— -~- - " " - - -s^- ----- 

While the task of this paper is to consider biological explanations 
for sex-related differences In mathematics performance, it should be . 
/eal lied that the explanations may be explaining a nonexistent fact. As 
sex role behaviors have been less rigidly defined and enforced, sex* 
related differences have decreased, and In many Instances they have not 
been demonstrated (Miccobyji Jickl in, 1974). While many researchers con- 
tinue to report sex-related differences In mathematlw performance found 
differences In favor of Wales in only 1 of 9 schools before the ^th grade 
and 2 of 4 schools in grades 9-12 (Fennema li Sherman , Note 1, Note 2).^ 
When "dlffirences were found, th^ were small and', contrary to common ex- 
pectation, they did riot increase*w1th the diff iculty of -the material.. ' 
rt could 'be argued that th$ reason sex-related differences were not aT-- 
WiO's found Mt the ^igh schd&l level was that the glrir were a more sliect 
group than the boys. This argument, however, does not explain why stftJe ntS-^ 
at two*h1gh schools showed sex^related*nj1ffereTices in math perf ormancr ifl I le ' 
students in tm other high schools did not althoifflh 'the selettion procedure 
was the same in .rll four schools. Demonstrated schbol variations" in sex- 
related socio-cultural factors offers a more, fikely explanation than that, 
two simples of girls were somehow more irrtellectually select than the boys.. 
It is beyond the scope of this ^aper to review the literature on sex- 
related differences" In mathematics pwfomahce, but It should be noted 
that hypothefes to explain sex-related differences in mathematics me^ be 
attanpting to frxplaln a phenomenon which ultimately is found not to exist. 

Aptitude vgrsus^'AehleveTOnt 

* • .= • 

Questions related to such terms as "aptitude," "ability." and 
"achlevifflent" have been discussed at length (Green, 1974). "Aptitude" 
and "ability" havi been variously defined. "Aptitude" has even been 
defined te Include motivational arid attitudinal factors (Carroll, 1976), 
but' It will not, be so used In this review. The terms "aptitude" itid 
"abl lity*- carry \connot at ions of, being Inherlted^hile t^e term "achieve- 
ment!' does not but i-srspeclficaliy defified as being learned. Problems 
have arisen with (a^ the use of. mdhlevement tests^of such generality as 
to be similar to ability tests; (b) misuse of tests arid t«rms In ways 
Increasing sod aT risk to certain groups. For example, using ability 



only pre-post measures of Intervention progrflme; finHinn 
Itf.dlfffftnciS on achievement tests between groups unequal 
Ici baekground awd from this Implying the sexes are 
matTiitnatlcs ability. Because of their ImpHcitions, the 
It,** and "ability'* will be seldon used. Terms of po- 
tloiwr ioclal risk will be preferred, e^gp, ''skill,'' "per- 
* "dliposlt ion" ^(Humphreys, 1974), These terms are to be 
ritutfal In that no assumption is made that they imply 
ifiitea or lack of It. Only cognitive rather than affective factnrs 
ihg math performance will be discussed. 




of^MathOTatlcs 



/ 
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J^^tm^iQ% Is a great variety of Intellectual activities of vary = 
""'^'Iflkllty, Involving diverse cognitive skills. Concern about 
Ipr^Forrrianca In mathematics focuses upon their performance of 
^Hathiinatlci^ It is generally acknowledged that girls and 
Pif do as well or better than boys and men In computation and that 
;^fljp Stx-related differehces in mathematics performance are found up 
ite^'^Sit 13 or until high school (Maccoby & Jacklln, 1974). Consiaerable 
|i[itn ^^cad on possible sex-related differences in what has been 
,^fy calltd^'ciMahtltatlve reasonings" "arithmetic reasoning' and wiaiuv- 
Ili^rpb1@n solvlngl" The latter term will be used in this paper. 
„jBrttoW solving can be simply defined as finding the solution 

ji^S'^id proble m invQlvinq mathematical ideas, for which one does not 
Ifisi a standard solution. Emphasis will be placed on performance of 
liithatfgal task at Veast at the high school level and excluding 
^ lulailpil* H can be assumed that when "differences" are described they 
pf^ln favor of males unless otherwise Indicated. 

faspfr of the Paper 

^ ^ Blo^ to be considered . Much scientific writing in the 

^fc^ 19^' S^-M 1 ated cogn 1 1 i ye ^ d i f f er ences does not explicitly relate 

I causes to genetic differences* However, one can infer 



io differences might' be involved in such hypothesized influences 
^.„;al dlfferances* ra^ of maturation differences. In some in- 
H^#oe assumes the authors intend to imply an ultimate genetic basis 
Hypoth esis » but -this link is not explicit and other interpre- 
are possiBTe example, discussions^ of the hypothesis that 

we mart mala geniuses and moire male mental defectives, usually 

rather than axplicitly stated that a genetic reason accounted for 
Jpfirenca, An explicit genetic account of this hypothesis has been 
more racantly (Lahrke, 1972, 1974). Another example are 
f^eiffi related,to brain lateralization (Buffery & Gray, 1972); Levy- 
^effcf,& Sperryt'^lSfiS). Sax differences in brain lateralization are pre- 

jly genetic though not always explicitly so described and they could 
iitrlbtfted to other cauies. 

On the oth^ hand, hypotheses of direct genetic influence (e.g., 
BMiffordi' 1972) do not spell out the , /mechanisms by which the genes might 
live thil raff act. While' this doesViot, by^ Uself , Invalidate such an 
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hj^otheslSy dn\ypothes1$ with an Imaginable mechanism 1s more plausi- 
ble than one without. For example. It Is not easy to Imagint a 
mechanism for sex-related differences In the .Inheritance of a gene for 
rf^thmatlcaT problem solving that conforms with the known facts that 
there are not sex-related differences In general intelligence and that 
mathematical problem solving Involves a variety of cognitive skills. 
In general, ifcry little has been written relating the various hypotheses 
and possible mechanisms. 

Most of the h)^otheses regarding sex-related differences in cognltton, 
^ not directly concern mathematics achievement* Some have to do with 
feijeral ability including presumably math ability; one hormonal hypothesis 
has to do with performance of simple repetitive tasks as opposed to per- 
formance of tasks Involving structuring^ restructuri ng, and several relate 
to the spatial disposition and/or the spatial disposition compared to the 
verbal disposition. The'posslble relevance of general ability to math 
ability Is obvious. Tasks invQlvIng structuring, restructuring are thought 
to be related to mathematical problem solving. Werdelln (1961)^ for 
example, thought that sex-related differences in structur1ng-restr turing 
Wire most crucial to cognitive sex-related differences in mathematical 
problem solving* The relationship of the verbal disposition, to mathe- 
matics 1$ well accepted,' however, the relation of spatial disposition to 
mjth achievement has not been so obvious to scholars. Th1$ is curious \ 
because^ from another vantage point, mathematics itself could bsit viewed" ^ 
as the $ymbol1iat1ori of Spatial relationships. ^ 

Releva nce of the spatial dipositlon to mathCTiatlcs . Since mathe- 
matics Involves such diverse activities as computation, mathematical 
problem solving. Integration and topology, it is obvious that the quality 
and' type of cognitive skills involved differs with the taskj spatial 
skill being Inportant to Integration and topology, for exanple, 
but not to computation. It has been hypothesiied that spatial visualization 
Is related to mathematics performance antt that sex-related differences in 
space perceptlbn might partly account for sex discrepancies In mathematics 
ptrfbrmance (Shtrman, 1967| Smith, 1964).^ In a large scale* Investigation 
of this quest 1 on i for both sexes, bqth voeabglary wd spatial vf^uallzatlon 
ymrM found to be moderately correlated (Typically, *40 to .40) with 
mithCTatlcs achievement In grades 6-12 (fennema, Sherman, Npte U Note 2)* 
The correlations between spatial visualization and math^ achievement were 
consistent from subsample tof subsample of the overall sample of nearly 
2p00 students, lending further confidence to the reliability and validity 
of the results. (For further evidence: of the relationship between 
spatHl visualization, and mathematics, see also references in Sherman^ 
1967 and data In Bennett, Seashore I Wesman, 1966.) ' The main source of 
tM( coatrary^Mn that spatial visualization Is not related to mathe- 
matics achievement appears to be Very (J 967) whft in turn seems to base 
hii optnlon on Murray (1949). Murray's data were based only oii males 
and showed a definite cdwtrihution of spatial visualization to geometry 
grades, but less to Murrio^^s geometry test which was, by his own admission, 
quite verbal :1n character. Murray's point, had been that one cannot 
"aMumt geometry to bfr based primarily on spatial skill. In this, of 
source, he Is correct. Merriorlzlng defl nit Ions and theorems is hot a ^ 
ijjatlal taak, Overall, however, the evidence is very clear that ^ 



spitlil visualization Is substantlany rtlatid to many forms of mathe- 
matics achlivement. 

Hyde, Geirlngir, Yin (1975) found that sex-related differences in 
mathmatleal pfoblem solving can be accounted for by sex-related 
dlfftrwcts In spatial dispoiltlon. Furthermore tests of spatial ability, 
field Independences and mental arithmetic emerge, toqether as a spatial 
factor* The Fennema and Sherman studler (Note U Mote 2) showed evidence 
that sex-related differences in math achievement could be attributed to 
sex-related differences in space perception, but socio-cultural factors 
appeared to be more clearly related to sex-related differences than did 
space perception « The lower female math performance found in one school 
In grades 6-8 was not associated with lower performance on the spatial 
tasks but with more negative socio-cultural influences among the girls 
than the boys. The girls showed less confidence in their ability to do 
mathCTatlcs and boys more than girls stereotyped mathematics as a male 
domain. The less math was stereotyped as a male domain, the higher the 
math achievement. Theses correlations were moderate and statistically 
s1gn1f^cant. The same sort of finding was true at the high school level* 
In the two high schools where differences In math achievement were found, 
differences on the spatial task were found in only one ^school while 
dlffarences favoring males were found in at least half the eight soclo-^ 
cultyr|i1 factors at both schools. Moreover a sex-related dlffertnce on 
the spatial task was found at a third school ^ but was not accompanied 
b5r a dlffertnce in mathematics achievemint. These findings show sex- 
reUted differences in space perception are involved 1n sex-related 
diffirinces In math performance, but that so are several socio-cultural 
factors, 

.__jowevir, as In the case of sex-related difference in mathematics 
performance,' some sample have failed to show sex-related differences 
in space perception (Fennama & Sherman, Note 1, Note Maccoby & Jacklln, 
1974; Sherman, 1974)* Such negative findings are Important because they 
fuggest that the sex-re lated differences In. space perception are not 
Iheorrlglble. If there were a strong sex-linked, genetic component 
to sex-related cognitive differences, one would expect the differences 
to appear In all samples* Like mathematics, spatial perception Is stereo- 
typid as a male domain (Stein & Smlthells, 1969)* It has been hypothe- 
sized, that performance on spatial tasks Is itself affected by sex-typing 
in^ that males receive more practice on tasks which develop spatial 
skills (Sherman, 1967)* At the two high schools where sex-related 
differences 1n^ courses taken which could involve development of space . 
perception (e.g*, drafting, desigrt) eliminated the differences between 
the sexes (Fennema It Sherman, Note 2)* Consistent with this view, 
JdhnscNi (1976) found that while femalss performed more poorly than 
males In space perception at the beginning of a drafting course, th^re 
.i«ai not significant difference between the sexes at the end of six wee^s* 
It Is, hqwever^ beyond th#^ scope of this paper to review the evidence 
■related to socle-cultural factors relevant to sex-related difference^ 
In space perception and/or math performance* These topics have been \ 
considered only to provide perspeo^ive for the review of evidence rele* 
vant to the effects of biological factors on mathematics achieverrent*' 
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The scopi of this paper will include: (a) the hypothesis of greater 
male variability; (b) metabolic explanations of sex^reUted cognitive 
differences (gout); (c) hormonal explanations; (d) X-linked hypotheses; 
(e) explanations based on hypothesized sex differences 1n brain 
laterality. Each section will contain a summarizing statement and 
discussion of research implications. Final sections of the. review will 
provide an overall summary of findings and research implications. 



Greater Male Variability 

The extent to Which the sexes differ in the dispersion of Intel 11* 
gencehas been of Interest since the 19th century. Much of the early 
focus^.was on the question of genius and why there seemed to be so few 
womannof genius (Terman, 1925). It gradually became clear that not 
only ^1d WOTien of genius ssot scarce, but that there also seemed to be 
more mentally retarded and defective males than females. Attempts have 
been made to ascertain if this is true and to explain these phenomena. 
It Is possible that no single explanation will prove satisfactory. For 
example, different factors may account for the excess of male mental 
defectives than account for the excess of male geniuses. 

While it is again beyond the scope of this paper to review socio- 
cultural factors, thfese are clearly Involved in the sociil recognition 
of genius status. They begin with the valued expectation of male childj 
his infusion with expectations, his nurture* his status, and the oppor- 
^tunltles that then seem to unfold "naturally" for him as a young adult. 
They Involve even the very judgment of creations and Intellectual 
achievements as to their worth and importance* Even the attribution 
of discoveries Is affected by socio^cultural expectatlDns^ Are wa 
really to believe that it was Ikhnaton with his grotesquely deformed 
body, victim of inbreeding, who thought of the concept of one God, or 
was it his *'w1fe," the beautiful Queen Nefertiti? 

Recent Interest In the variability hypothesis has been stimulated 
by the Stanley, Keating and Fox (1974) study of children precocious 
in mathematics and science, and by Lehrke's (1972, 1974) explanation 
of the hypothesized greater variability of male Intelligence as 
attributable to X-Hnkage of verbal ability. 

, Stanley at al. (1974) attempted to locate mathematically and 
scientifically gifted children by staging well advertised contests 
during which the children took various tests measuring their skill in 
these areas, The^ located many more precocious boys than girls and 
their top winners have been male.- These authors have been intrigued 
by this sek-ralated difference, but have not come to any definite 
concluilon as to its cause. Astin (1974) explored these data noting 
many dlfferencis between the mala and female childran in their at*, 
titudes and opportunities. For example, boys were given more booki 
^nd equipment related to math and science^ many of the girls' parents » 
were not very interested 1ti their daughter's precocity; In fact, many 
of the girls' parents did not even plan to send them to collige* 
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tuflously the test seores of 8th gfade girls were lower than those of 
7lh gridi girls, Ordlnarny one would expect progressive Intellectual 
diVilopment with age and grade. These data provided some definite 
cluis of soclo^cultural factors affecting this sex-d1screpancy 1n 
math^seltnct prtcocltyi but nonetheless the findings have simu- 
latid the thought that there are Indeed more male geniuses than 
female gertlusts. 

A very troublesdfne research problem has had to do with the 
seltctlon factor. In the Stanley et al, (1974) procedure as In the 
Terman (1925) study^ there was much rom for selection blaSp a fact 
these Investigators have been well aware of. That is* more boys than 
girls may present themselves or be presented by others as precocious. 
This problem was recoanlied by researchers very early. However, In 
ordtr to avoid selectTon bias* one must examine objectively an entire 
population. Needless to say few investigators have shown the stamina 
for such an undertakings Data which Is based on less than an en* 
tire population are virtually worthless. Maceoby and Jacklln (1974) 
discussed this Issue ^ recognized the problem of selection bias* but 
then exOTlned results of selected comparini the sexes In variability. 
Th^ cited the Stanley et al. (1974) study as evidence that thene 
Is indeed an excess of males at the upper end of the distribution of 
mathematics performance. In regard to verbal ski lis * they concluded 
that the evidence was not clear; while their files contained too few 
relevant studies of spatial skill to make any evaluation. Because of 
possible selection bias, such comparisons are unjustified and In- 
appropriate as evidence bearing on the variability hypothesis. 

Some of the best data and most thorough consideration of this 
question aire very old (by American scientific standards! )^^. Extensive 
surveys with very little selection bias were conducted In Sootland 
In 1932 and 1947 (Scottish Council, 1933, 1949). These surveys used 
objective tests, largely verbal, to survey ll-year old children. 
Slightly larger standard deviations were found for males (15.92 vs 
15*02 In the 1932 survey and 16.68 vs 15.44 In the 1947 survey). 
Because of the very large samples, these differences were statis 
ttcally : significant. Upon further analysis, this sex-related 
difference was found to result largely from excess of males with 
very low scores. Moreover more males had physical handicaps 
which could have adversely affected performance (Anastasi, 1974). 

It does appear that there inay be more male mental defectives 
and iome of the excess of male mental defectives miy Indeed, be 
attributable to the fact that males do not have the protection of 
a second' X. This explanation has been given for the fact that males 
are more subject than females to a great many maladies (Chllds, 1965). 
The finding of more frequent male mental deficiency, but not greater 
male superior performance. Is consistent with the f ^^^^ that positive 
effects are usually genetically dominant and hence found an a X 
chfomoiome would be equally expressed in males and females whereas 
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r)figit1vt efTects tend to be recessive and hence 1f found on an X 
chromosome would be expressed more in males than 1n females (Wittlq. 
1976). 

lehrke Hypothesis 

Lehrke (1972, 1974) has h^othesiiid that major intellectual 
traits, speclflcia'll^ verbal ability, are carried on the X-chranosone. . 
Lehrke based his hypothesis on the observations that (a) Stafford 
(1961) found evidence of X-linkage for space perception; (b) males 
are more variable than females in Intenigence, and (c) pedigrees of 
some forms of mental deficiency, especially involving verbal ueficit 
seemed to fit an X- linked pattern. 

However, Stafford's hypothesis for recessivfe, X-I1nked Inheritance 
of spatial visualtzation has been disconfirmed (^ee section on X-llnked 
hypotheses). Moreover, Lehrke' s hypothesis specifjcalJ^JWftkgtj - ver- 

inheritance. He apparently was unaware of the fact that In " 
Stafford's ,(1963) dissertation research on which the 1961 publication 
ws based, he concluded that there was no evidence of X-linkage in 
verbal ability. This is no way obviates Lehrke's (1974) presentation 
of pedigree data which seem to Indicate an X- linked verbal deficit. 
That is to say, because 1t is demonstrated that one can inherit mental 
deficiency in an X-llnked way, it does not necessarily follow that 
verbal ability in the usual or superior groups is inherited In that way 
Indeed other evidence Indicates that it is not. As Wittig (1976) points 
out, there is also no evidence for X-llnked Inheritance. of general ability 
(Erlenmeyer-Klmling & Jarvik, 1963). V 

The hypothesis that males are more variable in Intelljgence has 
already been discussed. There is certainly no clear, scientific con- 
iensus that males are more variable in intelligence/ One might perhaps 
get consensus that there are more male mental defectives (Fre1re-Ma1a 
Fr1ere-Ma1e & Morton, 1974), though that has been questioned in the 
past (Nance & Engels, 1972). 



Conclusion regarding Variability Hypotheses 

The question of greater male variability is sufficiently difficult 
to test adequately that it will probably remain an unsettled question. 
For example, it could be argued that if population studies were done 
of spatial performance, the greater variability of males at both ends 
of the distribution would be clear. There Is certainly no adequate 
scientific support for the general proposition oLgceater male variability 
in intelligence though evidence for greater male mental ctef ency is 
reasonably convincing. The lack of solid evidence of greater male 
variability In intelligence and the evidence of socio-cultural factors 
Involved In the status of genius and the preqoclous child made It hazard- 
ous indeed to attribute the apparent %ei discrepancies to i qenetic 
basis. • •• 
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Orte must als6, bear in mind th'at 1^ males are conceived for every 
100 fwaTet ind loK males are born fw every 100 females born. Males 
thtn proceed dies. off at a higher ^tteKthan females until in the 
third and fourth decades of life the numbers of males and females art 
'about equal. By advanced age, females corr^derably outnumber males. 
In this biological senffe every comparison or\a male dod female group 
is a convarison of a more select male group t# a less select female 



Implications for further Research 

As a biological phenomenon, the apparent excess of male qeniuses 
and math precocious males is probably not a very frultfui iTne of 
Research for investigators Interested in increasing t+ie quant Ity^nd 



quality of female participation in mathematics, 



The Gout Hypothesis 



The^^rt^ok of Hyde and Rosenberg (1976) presents anotto^^cpla- 
nation for sei^^&Httd differences in cognition. The prffsenc^ of gout 
In man of genius has^IenHWtfid historlcaTly.^ Gout is a^netabblic 
dlsaase characterized by elevateinwTO>s-^.,^rt^ac1d in the blood (BSUA) 
and Its deposit as a salt in various parts of^tR^^^^^nQtably ita the 
jQints or as kidney stones. These deposits can be a^^^^r^ of extreme 
pain and interfere with function. About the only consohttion gout 
suffertrs have is that they suffer from the "disease of geMus, 



Since some studies have found lower levels of serum urate ^^women^ 
Hyde and Rosenberg speculate^ ^'We may be seeing here a biological agurce' 



of the paucity of professional achievement among women, . .While feminTs^s \ 
ms^ not welcome this view, it does suggest the, possibnity that women in^A. 
,thB future may be able to take a pill that will give them the motivation^ 
to complete medical school (by raising BSUA levels)!"^ p. 137. It should ; 
be noted first of all that one of the few studies which compared male 
and female achievement with sdhie attempt to control relevant variables t 
did not find a difference In achievement (Simon* Ciark & Galwayj 1967), 
It should also be noted that Hyde and Rosenberg imply that the reason 
few women graduate from medical school is th ft they lack the motivation. 
It Is extremely doubtful that oqe could empirically. support that point. 
It is interesting to note that there is a certain amB4guity in the 
hypothesis. On the one hand, one is led to infer thiLt a high level of 
bTood serum uric acid is related to Intel ligencei i.e.» genius * and on 
the other hands the implication seems to be that It is related to motivation^ 
Lastly it should be noted that serum urate level is affected by physical 
ietlvlty which has been an uncontrolled variable in most studies. 



There appear to be several propositions relevant to this hyposthesis: 
(a) blood serum uric acid level is related to Intelligence^ (b) serum 
uric acid level is related to achievement; (c) these M>at1pns are 



causal; (d) blood strun uric acid levels art lower In females; (e) serum 
uric icid rtlatts to Intel ligence/achlevCTient In the same way in women 
as It does with men. Each of these propositions win not be examined. 
(Blood serum uric aclde, BSUAp and serum urate will be used with the 
same meaning.) ^ 

Serum Uric Acid and Intenigence 

In fact there is no Indication of an Important relationship between 
serun urate level and Intelligence (Mueller, Kasl, Brooks* § Cobb* 1970). 
Serum urate level correlated positively and significantly with the Otis 
test in a group of 817 army recruits (Stetten & Hearon, 1959), but the 
correlation of ,08 Is too small to be of much practical importance* Like- 
wise a correlation of .10 was found between the Otis and serum uric acid 
among high school boys* but no relationship was found between serum urate 
levels and scores on the Medical College Aptitude Test for medical students 
(Dunnt Brooks, Mausner, Rodnant & Cobb, 1963). It seems that if there are 
fewer female geniuses It is not likely that It is because their intelligence 
suffers from lack of uric acid. 

Sgrum Uric Acid and Achlevment 

There appear to be at least smB grounds for supposing there is a 
reTationship between achievement and serum urate, Dunn et al, found 
sarum^ urate levels of 4.77 for over SOO craftsman compared to levels 
above 5,30 for 76 Ph- D. scientists and executives. Other findings are 
that high school boys with high serum urate levels parti ciisated in more 
extracurricular activities, received more tcience awards and were rated 
higher by teachers on Iq^ustry, leadership and responslbiTity. 

Using age-sex corrected serim urate values , Dodgy and Mikkelsen 
felted in Mueller et al.t 1970), found high levels of uric acid among 
men In professional and executive Jobs and low levels among farmers 
and those in unskilled jobs. Wives of these men. did not show the same 
differences. Executives enrolled In a deveTopment program showed serum ^ 
uric acid levels higher than men in general or than unselected execu- 
tives from a small community. This seems to suggest that the more 
ambitious the executivei the higher the urate level. The emphasis 
seems to fall most correctly on ambltioni not intelligence, genuis 
or achievement, 

fi 

Brooks and Muener (1966) found a correlation of .66 between 
ratings of achievenient oriented behavior and seruni uric acid levels ^ 
in 51 professors, but other Investigators have not replicated such 
dramatic relationships (Mueller, et al., 1970). 

There Is some evidence then of a relationship between uric acid 
level, and what may perhaps best be described as ambition. 



Serum Ur ate Caust s Ambition 



Ctrtalnly this 1l absurd if baldly stated since it is well known 
that the b1ochamiea1» honnoial substrata of human behavior act 1n a 
mort In a mort Indlrects facl1ltat1ve fashion* Howeverj maxlnial 
brain wganliation and functioning has proven to be a topic of great 
Interest and theories have been advanced as to the best brains and 
thtir evelutlonary significance (Levyi 1974; Orowan^ 1955). Orowan 
has suggisttd that uric acid may be an endogenous cortical stimulant. 
As we have seent there does appear to be some indication of a relation- 
ship between ambition and serum urate* but what js the direction of that 
relationship? 

; It Is also known that "stress" Increases serum urate levels. 
Very few studies offer any dues to disentangling the causal chain of 
relationships. Hyde and Rosenberg (1976) state, "The study by Kasl 
at aU suggests that It Is uric add that influences achievement^ 
since their uric acid measures were taken before a chievements were 
realized and that college attendance (and presumably achievement-related 
stress) had no influence on changes In serum urate p ** p, 136* Actually 
the evidence presented by Kasl, Brooks and Bocc (1966) was not so clear 
cut* They presented serum urate levels of 1961 high school males who, 
in 1965 j had either completed college {n ^ 28), attempted college 
(n^ 18) or who had never gone to college (n^ -16), While there was no 
deference in the high school grades of the latter two groups, there 
wal as tgntf leant dtf^ among the groups and between the latter 

two groups In their serum urati level in high school. This, if repli- 
cated, suggests that (a) serum urate level predicts achievement effort 
when grades are controlled, and (b) the relationships found serum urate 
and ambition mi^ not be attributable to the immediate stress of the 
achievement effort. However these data still do not allow us to Infer 
that high uric add causes achievement. The authors stated that there 
^as no relAionshlp between the amount of change in uric add level 
from 1961 to 1965 and pursuing education past high school, but they 
did not present the data or the r&sults of statistical tests. Further- 
morei we have no w^ of knowing that the ambitious attitudes that led 
these boys to attmpt college were not also present during high school. 
That Is we have no real basis for concluding that the serum urate level 
caused ambitious behavior.^ The authors, in fact, make no, such Inference. 

Hence while there Is some reason to believe that high uric add 
level Is related to ambition. It 1s not at all clear that high serum 
urate le^vel causes ambition. When these events are eventually untangled^ 
it mty very welT'^e that certain specific kinds of attitudes (Graham 
& Stevenson, 1963) cause rises in serurp Urates, 

Serum Urate Leve 1 s Lower In Women 

After age ten, most population studies show that the sexes diverge 
in amount of serum uric adf^ (Mikkelsen, Dodge li Valkenburg, 1965| 
Mueller et al., 1970), Dlffi^flces' between the sexeS at all age levels 
from age ten to sixty were found to be significantly different* The 



ptrlod of greatest Increase In serimi urate level Mas adolescence for males, 
while fanales ihMed much less rise then, but a gradual Increase at meno- 
pausit These findings plus the fact that blood uric acid was significant* 
1y )mmr In a sample of pregnant women have suggested that sex hormones 
Influence strinn. urate levels. I.e., specifically that estrogens anT" 
possibly progesterone have a urate-depress1ng ability. This Is but one 
of several similarities to level of cholesterol* 



Serun Urate Causes Ambition In Women 

As the alert reader may have noted* none of the biosoclal studies 
discussed Involved women. As already Indicated^ there Is no evidence 
the serum urate causes ambition > hwever, even demonstration of a re- 
lationship between achievement and serum urate levels has not been 
established In woman. Dunn at al. (1963) did not find a significant 
association between number of extracurricular activities and uric 
acid levels In high school girls (Mueller et aU, 1970). Gordon, 
Lindeman, and Gordon (1967) found a significant correlation between 
serijn urate levels and college achievement during the clinical years 
of a nursing students, but no relationship during the earlier, aca* . 
demic years. In shorts It 1$ not at all clear that ambition and serum 
urate level art related In women* There Is very little cogent evidence 
on this point. It shouTd also be remembered that there no reason 
to believe that ambition or achievement motivation In women cannot or 
does not equally develop even If their estrogens acted as a urate 
suppressant. Perhaps the estrogens themselves or some other dioctieffllcals 
serve equally well to stimulate the female brain without so great a 
risk of developing' gout. 

Conclusion regarding Gout Hypothesis 

Obviously there is no way this hypothesis could account for sex- 
related cognitive differences* It Is extremely doubtful that it Is 
even cogent* 

Hormonal Effects on Sex^-Related Differences In Cognition 

This section will concentrate on the best known theory of a hormonal 
basis for cognitive sex-related differences, that of Broverman, Klalber, 
Kobayashi and Vogel (1968). The theory will be briefly described and 
4 then the validity of its assumptions, conceptual liation arvd empirical base 
will be examined. 

It has been hypothesized thflt (a) there is a negative relationship 
be^een performance of simple, repetitive tasks and those complex tasks 
requiring inhibition of Imnedi ate responses to obvious stumu 11 (cognitive 
restructoring); (b)l females are better than males on simple » overlearned 
tasks while males aire better than females on more comp1e^» restructuring 
tasks r (c) this negative relationship between perfonnance oncognltive 
^ tasks li an expression of the underlying antagonism of the adrenergic 
(activating) and cholinergic (inhibiting) systems; (d) estrogens are 
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stronger ictfvators than androgens. This thtory has baen criticized 
on nun^roui grounds (Singer & Montgomiry, 1969; Parlee, 1972) without 
tffeetivt refutation (Broverman, Klaibarj Kobayashi, & Vogel, 1969). 
After examining each of the propositions of the theory in turn, the 
data bearirrg on the theory will be examined* Finally some related 
topics of Interest will be examined* ^.^^^.^ 

Negative Relationships between Simple and Complex Cognitiye Task s 

A negative relationship between performance of simple, overlearned 
tasks and complex tasks requiring restructuring has not been demon- 
strated. Indeed It would be^asonabTe to expect that facility in the 
performance of simple tasks could lead to facility In performing 
more complex tasks. Generally cognitive skills are regarded and found 
to be positively related. Broverman and Klaiber (1969) argue that the 
negative relationship between perceptual -motor and perceptual-re- 
structuring tasks is masked by general intelligence^ "g" variance. 
Soire ifidlrect ev^idence Is preiented to support their cases but no 
clear unambiguous demonstration has been forthcoming. 

The authors' usage of the opposing terms "activation" and "in- 
hibition" as short-hand for what they say they really mean, e.g., 
activation of either the adrenergic or cholinfergic systems (Broverman, 
et aU, 1969) lends a specious face validity to their opposition of 
the intellectual tasks each is supposed to benefit. The usage is 
sptciotii since t^ adrenergic and cholinergic systems are not 
truly opposite In action. In short, the^e Is a conceptual slide from 
Coninon meanings of activation and inhtbltltlon to technleal use of - 
the terms as representing activities supposedly of different pirts of 
the central nervous system. The fact that no iiich parts have been 
Identified in the centrarl nervous system/also does not engender 
confidence in the theory. ' 

A further source of confusion lies in the conceptual slide from 
a dynamtc to a status prediction. That is, while it is intuitively ^ 
appealing to imagine performance of simple repetitive tasks being 
facilitated by a high level of activation, and impulsivity Impairing 
the grei^r reflection that might facilitate performance on a per- 
ceptual-restructuring task,- this does not necessarily translate to 
a permanent characteristic of people, nor to a characterisation of 
cognitive ^differences between the sexes. That is, people arenot blind 
respondeats, but learn and are taught appropriate strategies for 
dealing vnth different tasks. A higher level of activation, even if 
demonstrated, does not necessarily lead to impulsive, unreflective 
behavior. , 

Females Better on Simple, Males bn Comp^lex Tasks 

The authors Have lumped together a variety of tasks on which 
females perform better, e.g., color naming, work fluency, digit symbol 
and even verbal function, including reading, and called them simple, 
ovefliarned tasks. Conversely the t^asks males have been thought 
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to do batter on, notably spatial ttsks, were put together and called 
complex tasks requiring restructiiring. This division Is grossly 
arbitrary and inconsistent with any other researcher's view (Parlee, 
1972), It niustrates what might be called the Yingle, Yangle fallacy, 
a tendency to false dichotomies stemming from an adherence to Yin, Yang 
thinklngp belief In the Female and Male principles. (Its parents, the 
Jingle, Jangle fallacies Involve equating or not equating tests because 
the names sound the s^e or different,) 

The authors' characterisation of the chief difference between the . 
tests differentiating the sexes as attributable to the amount of re- 
structuring rtquired has been shown to be incorrect, Maccoby and Jack Tin 
!1974) pointed out that females generally do better on anagratfTis which is 
a restructuring task. It should also be noted that: (a) the Broverman et 
al. dichotomy does not correspond with the division of cognitive tasks 
into left or right hemisphere tasks, and (b) the Broverman et aU theory 
cannot account for sex-related cognitive differences before hormonal 
differences between the sexes are apparent. 

Some idea of the cross-species evidence Broverman et al, adduced in 
support of their theory may be gained from the foil wing quotation: 
"Human fertales exceed human males on simple perceptual -motoi** tasks. The 
same sqx difference in analogous behaviors, that is, spontaneous motor 
activity is trtie in rate," (Broverman et al,, 1968, p. 37)* 

AdreTiefgic and Cholinergic Antagonism ' , 

Broverrnan et al. X1968) have oversimplified and inaccurately stated 
physiological facts: equating sympathetic and parasympathetic with adrener- 
gic and cholinergic systems; setting up false and inaccurate Antagonisms 
between the systems; drawing inferences from the peripheral hervous system 
and applying ^hem to the central nervous system, and selectively presenting 
evidence of cholinergic action (Singer & Montgomery, 1969), \ 

c Broverman et al. (1968) Indicated that the best evidence of hormonal 
^effects was the fact that the concentration of choline acetylase^ an 
enzyme Involved in regulating the amount of acetylcholine available as 
a transmitter substance, rises in the hypothalamus of castrated rajs. 
Presumably less testosterone means more Inhibiting effextsi Acetyl* 
choline, however, is a transmitter substance in the preganglionic 
(central) portion of the sympathetic, not the parasympathetic (choliner- 
gic) nervous system as they state. Hence the -f^tual basis of their 
physloTogical Information and hypothesized mechanism for the role of 
sex hormones in physiologic antagonism is false (Parlpe, 1972). 

Estrogens Stronger Activators %^ 

No direct evidence of the greater activating effect in humans of 
estrogens compared to androgens was presented. The technical difficulties 
and possible confounding factors for providing adequate data for such 
an inference are considerable (Bleler, Note 3). For example, the brain 
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Itself can convtrt androgen to estrogen (Ryang Naftolln, Reddy, Fldres 
& Petro, 1972; Waliz & Gibbs, 19^3). Because of this ont cannot be 
iure that androgen effects are not estrogen effects* For examplet an 
antl-estogen (but not antl -androgen) drug blocked the effects which 
had been Induced with androgen Injections for acycllclty of gonadotro* 
phln. release (Doughty & McDonald, 1974) and for lordosis (Whalent Battle 
& Luttage» 1972)/ In the face of so much unknown. It is premature to 
dr4w conclusions about central nervous system effects of estrogen com* 
pared to androgen . 

* 

Empirical Findings 

Broverman et aU (1968) cited many studies to Indicate that drugs 
which activate/depress the sympathetic nervous system jmprove/depress 
performance on simple, well learned tasks « This evidence seemed ade- 
quate* However, the evidence cited In relation to complex, restructuring 
tasks was not at all adequate having to do with rat performance, per*^ 
formance of mental defectives and/or performance on tasks not clearly 



I complex, (counting backward, mirror tracing), nor were the reports of 
human studies numerous (Parlee, 1972). There was also no discussion 
of the hypothesis of the Interfering effects of anxiety,^ an alternative 
hypothesis which could explain some of the few remotely relevant human 
studies they presented (Unger £ Denmark, 19,7S>: Some creditable evi- 
dence was presented showing a relationship tn human males Mtween per- 
formvice oh simple* rspetltlve tasks and androgen level* This hardly 
, sufflcles to support the theory* In fact* it presents the paradox that 
the most "masculine" men did better on the so-called female task than 
the more "feminine" men. 

Much of the empirical data 1n support of the Broverman et al. 
(1968) theory J s based only on male subjects, the clearest results 
being obtained with adolescent male subjects leading to the possibility 
that results may be confounded with level and/or rate df maturation 
effects. Most of the correlations between physical attributes and 
cognitive measures were not statistically significant and» of course, 
a certain number of correlations can be expected by chance* On the'^ 
whole, because of these problems, these results can only be 
considered suggestive for males and do not apply at all to females 
or to sex differences (Broverman, Broverman, Vogel, Palmer & Klalber, jf 
1964; Broverman & Klalber, 1969)* f 

Petersen literature review. Probably the most relevant study Is 
that of Petersen (in press). In addition to presenting her own research', 
she reviewed evidence relevant to hormones and cognitive fiunctlonlng. 
Some of the evidence Petersen cited In support of the general pr^osltlon 
of a relationship between hormones and cognitive function Is now Irrele- 
vant becua^ie of the disconf Irmatlon of the X-llnked hypothesis of the 
Inheritance of space perception (see section on X-llnked'hypothesIs). 
Dita from persons with chromosomal /hornomal abnormalities were also 
cited In support of the link between hormones and cognitive pattern, but 
data from these sources are not very strong, appropriate or convincing* 
XY persons who look like females becuase their bodies cannot respond to 
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their normal male levels of androgen were said to show a "female" per- 
formance Ofi cognitive tests, i.e,, higher performance on a simple re* 
pitltlve task (Digit Symbol) compared to performance on a perceptual 
restructuring task (Block Design), While presumably one is to infer 
that lack of androgen response and upopposed estrogen leads to "female" 
type performance^ there are many unconsidered points: (a) not rentloned 
is the fact that in the same study* XY "females" reared as "males" did 
not ^ow the "female" performance (Masica, Money, Ehrhardt & Lewis, 1969); 
(b) data consist of 15 adults and children combined as one group, a 
dubious methodology;* (c) even the XY "females" performed at normal or 
above normal levels of spatial tssks; (d) there 1s not "normal" control 
group. Some groups of. "normal" males a iso show a "female" pattern. In 
short, the "female" pattern 1s a very relative finding. 

Another finding Petersen (in press) cited in support of the hormonal ^ 
cognitive pattern link is a study of cognitive function in ten males 
physically feminized at a very early age by a kwashlorkor-induced endo- 
crine dysfunction (Dawson, 1967, 1972), Dawson interpreted the study as 
supporting the effects of socialization experience on cognitive patterning, 
but Petersen was Impressed with the possibility that the results Indicate 
the effects of estrogen on cognitive function, Conpared to a normal con- 
trol group, the kwashiorkor males showed significantly lower scores on 
two spatial tests and a significantly higher score on a verbal test. 
It should be noted that this was a verbal test, not a simple, repetitive 
task. It is sometimes said of this study that the kwashiorkor males showed 
a typical "female" pattern 1n supposedly having lower numerical scores. 
The difference of ,9 points between the controls and the tan experimental' 
subjects is hardlyn"ikely to be statistically significant. The Dawson . 
(1972) rate study is very interesting, but suffers a variety of limitations. 

It should be noted that kwashiorkor is a very serious protein de^- 
ficiency disease and may well have caused brain injury and impaired spatial 
function partly or wholly as a result. In any case, becuase of the small 
number of subjects, the confounding of hormonal and socialization effects, 
the use of a verbal rather than a fluency test, and the possibility of 
brain injury ^in the experimental subjects, it should be obvious that this 
study does not provide clear evidence that estrogen facilitates performance 
on fluency tasks while impairing performance on complex perceptual tasks, 
1,e. spatial tasks. . ^ 

Results of studies indicating that performance on both fluent pro- 
duction, simple perceptual tasks and spatial tasks declines with age 
were cited as Indicating a link between cognition and sex hormones since 
sex hormones also decline with age (Schaie & Strother, 1968; Schwartz & Karp, 
1967; Witkln, Goodenough & Karp, 1967) , It has been well known that 
performance on such tasks declines with age as they also^do with cerebral 
deterioration. In'fact lower scores on such tasks compared to perfermance 
on a ta^k such as vdcabulary are routinely used to infeKthat the per* 
formance decline can be attributed to decline in sex-hormones is unwarranted. 
It should be noted that if one takes thm Broverman et. al (1968) theory . 



Ilterilly* one would pradlet that i decline In sex honnones should 
result In Improvid performanct spatial tasks. Obviously this 
Is not the cisi« 

Pettfsin dati» Petersen (1n press) analyied data from 35 males 
and 40 females at ages 13» 16 and IS^from the files of the Fels Research 
Institute. The reasures of fluency were the Digit Symbol subtest of 
the Wechsler it 18* These are dlflarent thocigh acceptable measures of ^ 
spatial ski 11 1 the complfx^ perceptual task, were the Block Design sub- 
test of the Wechsler for ages 13 and 16 and tht* Space test of the 
Primary Mental Abilities test for age 18. Comparison of the sexes 
showed significant differences In favor of males for the two spatial 
tests and In factor of females for the Digit S^mibol subteiti but not . 
for the Word Fluency test. 

Addressing the question of the hypothesized negative relation* 
ship between fluency and spatial skill, Petersen performed a principal 
components factor analysis for each sex^ She apparently used the scores 
from the same subjects at age 18 on the PMS Space and Word Fluency tests. 
Use of so few meisures does not make this a very adequate factor analysis 
of a very adequate test of the hypothisls. .However» the results showed 
a common., general factor for both sexex and a second factor In which, 
for maltSp the spatial tests loaded positively and the fluency tests 
loaded negattvely. t For females, however, at age 18, contrary to the 
theory, the Word Fluency test loaded positively with the spatial tests 
for females. The results can hi said to support B^^overman & Klalber 
(1969) for males, but not for females. 

Mere adequate factor analyses performed with larger numbers of 
subjects and With mwm tests dp not offer even this limited sjupport 
to the ntgatlve relationship between f luencey and complex task hypo* 
thtslied by Broverman et al. A principal component factor analysis 
for 46 females and 35 male undergraduates of nine variables Including 
the Word Fluency test and three measures of complex perceptual task 
(Idtfitlcil Blocks, a test of s^atlaj visualization; Rod*and*Frvne 
test, and ^Embedded Figures test) found three factors, but none for 
either males or females which loaded positively for fluencey and 
negatively for the spatial tasks (Hyde, Gerlnger & Yen, 1975), 

^ ^. - ^- * 

Cohen (1975) performed principal component factor analyses on . 
scores from nine tests of 104 women and 90 men of advanced age. The 
test Included the Word Fluency test, the PMS Space test and Gpttlchaldt ' 
Hidden Figures Test, Again three factors were found and again the 
factor loading the Word Fluency did not have rtegatlve loadings for the 
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^^Siffefe€||tim f or iHhic majas^or femalts. In fact, the ^ 

Tow for Hiales with the highest loading (M) for Word Fluency had , 
a loading of J9 for PMA Spaci and .74 for Hlddtn Flgurts, In view 

* of the fact that neither of these studies support Peterson's findings, 
it seems unlikely that they are valid. 1 • 

In order to study the relationship between cognitive perfDrmance 
and hormones, Petersen (in press) made ratings of physical character- 
istics from nude photographs of^the subjepts; Three of the physical 
measures were bipolar ratings from extreme feminine to extreme 
masculine. They were: (a) amount of fat Compared to must le; (b)' o 
all shape/^e.g,, shoulder breadth, and (cj slie of breasts compared . 
to size of genitals. These presumably, reflect the relative Influence 
of estrogens compared to androgens on physical development. The fourth 
measure was of extent of public hair which presumably measured andro- 
gen effect. The Broverman et aU (196fl) theory, however, dealt with 
the presumably greater activating effect of estrogens than ahrteogans. 
The measures which Petersen used Ire probably not the most direct tests 
of the theory. More direct tests would be measures of tstrogehs^ and 
androgens in the bloody though one would have no idea of what hormones, 
at what level I were effective 1n the brain. Even using measuras of 
physical appearance it would seem that some greater clarity could be 
achieved by separate measures of estrogen and and androgen effects 
(a la Bem). In this Instance, as Petersin notes, measures of astrogen 
effects for females may not hafVe been very adequati especially since 
breast size and fat can be Influenced by non-estrogen factors* 

The relationship between^the cognitive ,and physical variables . ' 
was tested by a canonical correlation calculated for aach age and sax*. 
The correlations were significant for both sexts at age 16 and 18, biit 
not at age 13, The nature of the relationship Was that by age 18 for 
males greater masculinity in physical characteristics, atpeclally 
muscle development, was related to a pattern of better "performance on 
the PMA Word Fluency test and worst performance on the PfW 'Ipace test. 
For females, by age 18, greater mascullhlty In phys1ca;i char acterlst lei, 
especially in overall build and greater androgen effect as Indl cited by 
amount of pubic havr^ was relatjfed only to better performance on the 
PMA Space test; these characteristics were not related to performance 
on the Pm Word Fluency test. . , 



The matter is really more complicated, than Indicated here. These 
studies rotated matrices which tends to eliminate nefatlve values. Dis- 
agreement exists as to whether nonrotated matrices can be appropriately 
interpreted (Smithy ig64). The question of the negative relation of 
abilities would benefit from further conceptual clarification and a 
careful empirical Veview of existing data, 
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. Just how to interpret these results is by no means clear. I They 
are not accounted for by timing of maturation differences' since Peter- 
sen riant iyzed her data and did not replicate the Waber (1&76) Iflndlngs 
(see section on differentiation at adolescence) . The male results are- , 
ConStstent with some of the Broverman et al. {1968) contentlonsUnd / 
findings: positive relationship between physical masculinity and fluency; 
negative relationship between physicarmasculinity and spatial skill, / 
though the finding at age 18 of no. difference between the sexes in / 
fluency was not consistent with the Broverman et al. theory. The 18 / 
yB^r old, fem^e spatial results are consistent with the Broverman el 
al. thiory In that low masculinity, presumably high estrogenlcity* / 
In females related negatively to spatial performance. One wonders, 
however, what Petersen's androgyny measure means in terms of centra/ 
nervous system hormone Influences, Apparently we are to suppose that 
estrogens cancel out androgen. effects so that there Is l ess activating 
effect In androgynous males and females than in either high estrogen 
females or' high androgen males. Thus one would conclude that hi< 
androgen or high* estrogen, but not high estrogen and high androgen 
(as they cancel out) impairs spatial performance. This is a possible, 
biit not a necessarily true Interpretation of the relationship 
hormones to each other . / 



/ 



fhese 



If spatial performance is Impaired by a high estrogen leVei, one 
would expect spatial performance to vary with phase of menstrual cycle. 
'Estrogen drops during the premenstrual phase of the cycle, remains low 
during, menstruation and rises again/ after menstruation (Shdrman, 1971). 
In general, however, many studies have failed to demonstrate significant 
menstrual cycle effects on Intel leM SpecTflcally, 
Englander-Goldeh, Ulllis and Dienstbier (Note 4) found no difference 
In performance on the Space Relations test of the Differerjtlal Aptitude 
tests between the premenstrual, mgnstrual and mid-cycle (days 7-13) 
phases. Also, contrary to what one would expect from the/ Broverman et 
al. (1968) theory, there was no m4nstrual phase differenge in performance 
on the Digit Symbol subtest. In^eased levels of estrogen did 
Improve performance on this perceptual fluency task 

ilmmerman and Parlee (1973) also found no menstruaJ phase 
differences in digit symbol perf(»rmance. The results of these studies 
are totally contrary to the Brovdrman et al. (1968) theory (though this 
was not the focus of either study) and dlsconfirm it at least for estro- 
gen effects In females and as an ipxp Ian at ion of cognit'lve sex-related 
differences, 

" / How then might one account for the observed empi/rlcal relation- 
shfps : a negative relationship between physical masculinity and per- 
formance on complex-perceptual tasks in males; a positive relation- 
'' shlp between physical masculinity aiid performance ory complex per- 
ceptual tasks In females? Another possibility Petetfsen'(ln press) 
J considered Is that humans, like lowers species, pass /through a critical 
period in prenatal development when the sex hormones "prime" or or- 
gan.1ze the brain for later sex-re latea behavior (Money & Ihrhardt, 
. 1972). This^vlew would retjuire that pl^yslcal mascplinlty in males 





\. and femalts at agt 18 would be related to prenatal orgahlzatlon of the 
^sjrairl. (ste section on prenatal hormonal cognitive Influences.) 
. Pfttersen suggested that such prenata? organization ml ^ht affect brain 
laterality and hence presumably spatial function. More more Infor- 
mation will have to be accumulated, however, before even tentative 
^ conclusions of this nature are warranted. 

Xc^nclusidns regarding Broverman et al. Theory 

_ \ This theory contains factual, errors, conceptual distortion and 
has Very little empirical support. In Its present form it could hot 
possibly account for cognitive, differences between the sexes Avall- 

a'^'e data confound too many factors to permit Interpretation. [ 

Pre-rtlSal Hormonal Effects on Cognition ' 

_^ There Is evidence in lower animals that during a species ^ specific 
critical period very early in development, sex hormones differentially 
organ1|e the brain for male or female behaviors (Money & Ehrhardt, 1972) 
Norm^any in humans some fetal anarogenic substance Is responsibly for 

, the sexual differentiation to maleness. Without this substance a 
-H* female form will develop. In lower animals, during the critical beriod 
exogenous dtees, of androgens were found to increase certain behaviors * 
such as aggression, but estrogen was also found to produce similar 
results (Edwards I. Herndon, T970i Payne & Swanson, 1972). The sex 
hormones are all closely related chemically and can change from one to 
the other in the body. As already mentioned, androgens can be converted 

. to estrogens in the brain so what seems to' be an androgen effect may., 
at aftpther level, be an estrogen effect. This Is the reason for m^y ^ 
so called paradoxical effects of sex hormones and for a certain amount 
of confus Ion among those reviewing and reporting research findings. 

. For example. Dalton (1968) f^und that the daughters of mothers who 

had received injections of natural progesterone during pregnancy 
■guard against m1sfcarr™ges) scored significantly higher than a group^ ' 
of controls on geher a 1 aptitude tests. (Progesterone is one of the 
main hormones of pregnancy.) Ehrhardt and„Money (1967) reported that 
fetally androgenlzed girls had unusually high IQ's. these girls had 
been _ androgenized" because their mothers had mistakenly continued to 
take birth control pills during pregnancy. These pills containe d 
synthetic estrooefts and progestins. The Infants were thus "androgenlzed" 
and masculinized by what are quintessential female though artificially ' 
manufactured hormones; The babies had external genitalia with male- 
Tllce aspects. In some instances these data^ Including even the Dalton 
results., ended up being reported as male hormones lead to high IQ's ' 

. Since Baker and Ehrhardt •(1974) founrihat the higher IQ's of th^ 

fetally androgenlzed girls were also present In the normal sisters of ' 
J?®u tA?^**^ 9-**^®* ^* appears like ly .there Wfs not true efffect. The 
high IQ^s were probably an artifact of the generally more sophisticated 
level of these families. The results of the Dalton study, however. ^ 
stm remain to be explained. If there is any true, replicable effect, . 
however, it may have to do with the amount of sex hormones rather than 
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l^fMt;Of hopones. 

Qtl^ Stut^ hats ftporttd thit prenatal txposure to ixogenously 
■fifitefed estrogens and small amounts of progestins, was assoclatid 
lt\?&|ifer performance on the Embedded Flgurts test, a spatial test 
^,JS^^ Sreen & fisk. 1973). That this effect can be attributed to the 
ijj^^^al estrogen organizing thi brain In some female is highly , 
r^ftilMlily since at least half of the subjects recetved the hormones late 

' ItatlonI a time surely beyortd the human critical differentiating 

„_J. Furthermore, one Would have no Idea what the a^^ 
fevtl of fwrmone action was In the brain as a result of these hormones. 
^ subjects wert the sons of severely 111 diabetic women, so 111 they- 
jlrtfed dallyvinedlcal care. Such children are 'notoriously subject to 

^ Injury and birth complications. The mothers received the hormones 

"^i^lp prevent miscarriage. Furthermore the nineteen experimental 
' ■ were not significantly different from the fourteen subjects In 
it^aii cdntroi group, but a borderline, AC.IO, effect on a one- 
J test Was demonstrated when the experimental group, was compared 
„i^|p6up cons i sting of the normals and eight children of diabetics 
mothers had not had hormone therapy. (These mothers had less 
s^ipe diabetes.) The result was not rep Heated, when, a sample of twenty, 
■ ili^a*' olds whose diabetic mothers received hormone therapy was 
M(60irBd to a sample of seventeen normals. In br[lef, because of use ^ 
of abnormal subjects, too few subjects. Inadequate probability levels 
and failure to repHcate, this study does not demonstrate any effect 
of prenatal female hormones on -space perception. 

^11c/Psych1c Reactions; A Confounding Variable 

It has been suggested that the scMnewhat lower scores on spatial 
tasks of many female groups when compared with male groups might be 
accounted for by a sub-group of females showing decrements in performance 
# reaction to menstrual cycle phase (Ehg lander-Golden et al., Note 4). 
' Cn' tHe surface, this appears to be unlikely because no statistically 
4sffWicant, reliable decrements in Ihtellectual function'ing related 
to the menstrual cycle have been demonstrated (Parlee, 1973; 1971; 
;5oBiner, 197E; Zimmerman li Parlee, 1973). 

Ehg lander-Golden et al. (Note 4): predicted that only those females 
who typically repress would show performance decrements during the 
ipji^nstrual and menstrual phases compared to the mid-cycle phase 
loi^s -7-13). These effects were predicted for the Space Relations 
-,^t of the Differential Aptitude Tests, a complex perceptual task, but 
-fiOT for the Verbal Reasoning test, a complex verbal task, nor for the 
•ftljft SyirtJol test, a simple perceptual, "fluency" task. Dividing the 
s^le (nM4) at the median according to their tendency to repress, 
^gTan'der-Golden et al. found significant interaction effects for 
pMstrual phase and tendency to repress for both the Space Relations 
#ct Verbal Reasoning tests. During menstruation, but not during the 
ojbher phases, women with tendencies to repress scored lower on both 
tests. No main effects or interactions were found for Digit Symbol. 



Thesi ftsults suggest that menstrual eye la decrements in performing 
c^pliK tasks among a sub-group of repress ing wanent could be a 
confouhding factor In studies of sex-related diffarencis. Such 
studies often caiipare mala and famala, gro^Jps differing in manyp many 
respects, e.g., previous training, experienct, handadness, history 
of brain Injury, selactlveness, maturity in regard to task, impact 
of sex biasing conditions, exminer, tast items, group pressure. 
Englander-Golden at al., however, have damonstratad another specific 
source of error variance In compiring the sexes which may partially 
account for disparate findings from study to study. 

An additional matter of interest is the possibility of Intervention 
to ameliorate the repressive tendencies of these women/ A fuller Inte- 
gration of bodily functioning into awareness might tmprove the in- 
tellectual functioning of th^is sub-group of woman. 

Hormones and Bahavi or 

At this point. It is probably apparent that there is very little 
that can safely be concluded about "sax" hormones and intellectual 
functioning. Evan if relationships between the two are established, one 
still does not know if the relationship is causal, nor the direction 
of causality. For example, if it should be replicated that more an- 
drogani^ed girls (more pubic hair, masculine build, wide shoulders) 
have higher performance on spatial tasks, how can we know that this is 
the result, as implied, of their "natural" androgen level? How do wa 
know their androgen level U not the outcome of their willingness to 
engage in jpore strenuous activities and/or active assertive attitudes 
and/or that their higher spatial score cone from more practice on / 
spatial tasks? It has bean known, clinically demonstrated, and accepted 
that attitudes can affect hormone levels (for some examples, see Shermanj 
1971), Our present state of knowladga does not allow any of these 
possibilities to be ruled out. 

Research Racoftimandations > 

Relations between hormones and cognition, will continue to interest 
investigators, but 1n the near future it is an area unlikely to provide 
any useful answers to questions of the sources of sex*related cpghitive 
diff trances, , ' 



X-linked Inheritance of Abilities 

The idea of X-1 inked inheritance of cognitive skills was first 
proposed in Its modern form by O'Connor (1943) , Basically the X- 
linked hyp^otheils Is that high potential is carried as a recessive 
characteristic on the X chromosome. The term "X^llnked" is preferred 
to "sex-linked" because of its greater precision (Levltan a Montagu, 
1971), If the XHinked hypothesis were true, it would mean that many 
more males than females would evidence high potential. In fact, the 
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of femalts shwlng hIgOklTl should bt the i quart of the 
of ihowing high skni. This Is bacauit If the chirattr- 

p^fij*9Ctss and carried on the X chromos^ip malei would need 
^^J^NItt on^l^ with the gtne on It to evidence the characteristic 
SijWw^ need to Inherit two X's with the gene on It 1n order 

^^[mnif^H tim characteristic* The probability of Inheriting two 
iucW X*t Is the square of the probability of inheriting one* 

fe- X-«1 Inked Inheritance has been proposed for mathematical problem 
living (Stafford, 1972). and spatial vlsualliatloh (Staffordp 1961), 
"Ford (1972) thinks that each ability is carried as a separate 
f;i|^i|1ve.gene on the X chrcmiosome (Stafford, Note 5). 

Obviously I if true, this hypothesis would go a long way toward 
i^ii^iduRtlng for the scarcity of women In math and sclerice and In High 
|l:$|9s1t1ons In general, Interestlngly^ enough, however , even if 
iRts Hwbthesii would still not account fully for the scarcl^ 
Men since by the estimate of these researchers, one third of 
iPgR ability persons would be female and of course women are not 
fm0An m^ing like those proportions In math, science, or In high 
p^ltloni; In general,^ The X^llnked hypotheses have gatned con- 
i^^ifibie acceptance and have now found their way Into an Introductory 
psychology textbook as facts (Hyde & Rosenberg, 1976), 

. This review will be organized to consider first some Indirect 
tvt^nee Inconsistent with the X^Hnked hypothesis and then tiie results 

studies sipecif Ically bearing on the validity of the hypotheses of ; 
tii linked Inhtiritance of mathematical problem solving ability and 
Ipa^tal visual liation^ 

Btgtoni Anomalous in Chromosomal or Hormonal Sex 

Tfie hypothesli suffers an embarrassment In ^dealing with the evidence 
^filB Turner's syndrome data. Typically Arsons with Turner's syndrome 
^TO^ only 45 rather than 46 ehrgmosomes,^ (A few are motalc with a typical 
-cfta^ctiir^^tlcs.) For sex chromosomes they have only one X chromosome 
;fl#1th^^ a y nor a second X as is normal. The external genitalia of 

Ifir^ art female, but^ they have po functional gonads of any 
JinU lack proper internal sexual organs. Of course they ajso tlo 
^hawl gonadal female hormones nor for* that matter proper sex hormones 
liift^gKs Various Abnormal 1t,1es are associated witlt the syndrome, 
iS^ritort* stature, webbe^ neck (Ferguson - Smith, 196S)\ These per* 
^^p^|fe often wrongly cor^ldered female bacause of their early ex-^ 
^^pl^'lppearance, but they are neither male nor female. They usually 
their lives as females In a social sense,' 

If the X-llriked hypothesis were true, one would expect that, as for 
malis, the percentage of Turnef's patients expressing the superior gene, 
sHpMld^ be greater than for XX persons, sjnce'the nectsslve gene supposedly 
irdtt^ld have a full chance to express 1ts#lt. Instead these patients showed 
a spatial deficit. Shaffer (1962) reported a degree of what he called space 
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form. bl1ndn*is In these patients, though below normal spatial pirformance ° 
does hot appear In every patient. These findings have generally been extend 
ed and confirmed (Buckly, 1971j Money & Granoff, 1965). Garron (1970) re- ' 
solved this cohtradlctlon, by adding the additional hypothesis that the gene 
had not been able to express itself In the absence of proper sex hormonesr 
lock. (1973; Bock & KalakowskI, 1973J accepted this hypothesis and suggested 
that a minimum androgen level, specifically testosterone. Is required for 
normal spat4*l- ability. • - , 

The data that Bock relies upon for resolution of this question 1s that 
of Masica-, Money, |hrhardt and Lewis (1969). These authors studied the " 
Intellectual functlQ(Rlng, of XY males whose bodies are unresponsive to an- 
drogens. As/a result they are born looking like females and are reared . 
as females. As adults their sex hormone level for estrogen Is between 
that of normal males and females (Federman, 1968). They are less responsive 
to androgens than normal females. For example, th'sy have very sparse pubic ' 
hair. The Wechsler VerbariQ, 112, of a sample of fiteen of these persons 
was higher than the Performance IQ, 102. The Performance Scale measures 
mpstly spatial function. From this It has been Inferred that the X-llhked 
gene for superior spatial* visualization can only be expressed when 
accompanied by an adequate level of testosterone. It was then further 
inferred that spatial visualization is not only X-linked, but testosterone- 
lirrrtted (Bock & Kolakowski, 1973). There are many problems with this 
line of inference- (a) the Performance IQ was very much in the normal 
range. Who is to say that the Verbal IQ is not higher than it "should" ^ 
be rather than that the Performance IQ is lower? (b) What would com- 
parison with an appropriate control group show? (c) The article who 
were reared as males and not as females was quite different. Verbal 
IQ 117, Performance IQ 119. -if the gene expression is dependent on 
testosterone, why is Performance IQ even in the normal range let alone 
above normal, PIQ, 119? Normal bnain development probably does depend 
on at least a minlmijm level of sex hormones, but there is no evidence they , 
need to be androgens nor specifically testosterone. ' 

•In general, while there is no question-that mental retardation is 
often associated with sex. chromosome anomaties, considerable question 
can.be raised that there is a "space-form blindness;" spatial deficit, 
«r nonverbal deficit (Garron & Vander Stoep, 1969) are more descriptive 
terms. Sotne reference has even been made to "nurperical" deficit, but 
the evidence for this is even less well supported. For purposes of 
comparison, results of studies of Intellectual functioning in several 
groups of sex chromoswne/hormone anomalous persons are charted in 
Taole 1. It would be of considerable Interest to have been able to 
include results of naturally occurring XX persons, who look like males 
(Pplani, 1972); however, no relevant studies were found. In at least 
one case, however, such a person has superior intelligence and works 
successfully as an engineer (Meissner, Note 6). 



Table 1 

'Wechsler Verbal and Perforfflance IQ's of Persons 
with Sex Chrofnosome Hormone Anomalies 



Study 


N : 

1 


• Oeno- 

type ^ 


Sex of- 

r%€ai lliy 


Effective 


m 




Money. & Grmoff (1965) 44 


xo 


F 


Low €§trogen, 
andragen 


96 


86 


Hasiaa, at al. (1969) 


15 


XY 


p 




Ml2 


102 


Itovica, mt al. (1969) 


3 




H 


tstrogen 


117 


119 


Wmmy, (1964) 


23 




M 


Fairly Iw 
astfogafis 
dndrogan 




S8 


MeKarrscher (1971) 

i 


12 


XXY 


M 


fairly low 
estrdgsiii. 
androgan 


66 


'76 


MeKerracher (1971) 


20 


XYY 


M 


Androgaiii 
Aomal? 


79 


88 
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As can be seen, all thrte groupi with, more or tess thin 46 chromosomes 
have a5_MSflc4«t^d~mentflr deflcfency. The group with the lowest Performance 
---^-tgyTihlch Is k fairly good measure of spatial function, is not the XO Turner »S3 
.syndrome persons, but wie of XXY groups. The variation In Performance IQ 
i canhot be accounted for by the assumptions madf by Bock (1973) or hy Peter- 
sen (In prfss) *out androgen effects. Summarising the comparison of the 
Performance IQ's one can say (though without benefit of statistical test) 
that more or ^ess than 46 chromosomes of either kind has an advefse effect 
on Performance (Q (spatial function) and antong those without 46 chromo- 
somes, more . androgenes did not Improve Performance IQ. . 

' These cOTparlsons demonstrate the difffcultles of dealing with ,d1s- 

crepancy measures. Looking only at Performance IQ scores, one would not 
conclude tfMt XO persons have "Space-form" blindness. Use of dis- 
crepancy aiHIlysIs has several jrobl ems . Various factors affect \^erb.al 
and spatlaMf unction. Htg^ virbal performance tends to be sex-typed 
femrle, buSat a broader level, acquisition of a certain level of verbal 
Skill Is cultwally more emphasized, trained and Important to overall 
achievement and status to society than Is acquisition of spatial skin. 
As a result, even In Instances when the entire left hemi sphere Is 
removed In Infancy, adequate verbal skill develops In the right hemisphere 

; through probably at the expense of spatial sk Til (Kinsbourne li Smith, 1974). 
Perhaps because of the cultural ascendency of verbal skills, brain Injury 
is more sensitively detected by deficits in spstial function. . 
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It is alio well known that delinquent, Inpulsive persons have 
poerTy tfgvfldped verlbal skill In comparison to thfir performance skill 
..CMcKirrtchfr, 19714 Wtchsler, 19S8). The Interpretation given to this 
obsemtlon Is that jthey have not been willing to Benefit from their 
cultural opportunity, to learn. Some of the variation in verbal, skill 
then may be based onlnoncognltlve aspects of winin^ness to cooperate, 
attend, persist, self-correct and hence to learn. These characterlsti 
which are very much present In XO persons are frequently absent In X^Y 
persons though the suspected propensity of the latter for outright 
violence prwed to be exaggerated. 



cs. 



persons anemalous in chromosomal or hormonal sex lack 
systematic Investigatfon. One can say, however, that although XO persons 
have lowir spatial thfm verbal performance, attribution of this pattern 

of testosterone is unwarranted. Data from persons 
or chromosonal sex are Interesting^ however, in 
cause of their bearing on hypotheses of hormonal 
Itive function, a topic discussed In more detail. . 



of pof^ofinance to lac 
anomalout for honnona 
their owff right and t 
associations with cog 
earlier in this paper 



Tests of the X-linkedj Hypotheses 

There have been various ways of -testing the X-1 inked hypotheses: 
(a) comparing monozygotic male and f anal e twins; (b) observing the 
variations In intra-fiml Hal correlations; (c) examining score distrl*- . 
butlons for their confformity to theoretically predicted distributions. 
The rationale of these approaches will be briefly explained, and then 
pertinent evidence fbr the X-1 inked Intierltance of mathematical problem 
solving and spatial fisuallzatlon will be examined. 



The Lyon (1961 )l hypothesis, which is widely accepted by geneticists, 
holds that a few weeks after conception, one of the femile X chromosomes- 
is randomly inactivated 1n each fmale" somatic cell, (This Inactivated 
X chromosoime is. believed^ to form the Bari'' body which s^ves as a basis 
for a test of chraripsomal sexuality.) Assuming the Lyon hypoiheils 

^1s correct, and assuming X-1 inked cognitive characteristics, one would 
expect greater variability anong female identical twins than among maltf 

videntlcal twins. Such findings have been reported, but their statlsr 
reliabnity has not been established (Maccoby & Jacklln, 1974). Con- 
sequently this method of testing the X-linked hypothesis will not be 
discussed further. . 
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certain assumptions, such as no assortative mating, it can be 
predicted that X*11nked genes will contribute to the observed variance 
in continuous characteristics in the following manners (a) father-son 
correlations should be approximately zero because males do not receive 
an X chromosome from their fathers; (bj father-daughter correlations and 
mother-daughter correlations will be greater than zero because fanales 
receive one X chromosome from each parent; (c) father-daughter corre- 
lations will be higher than mother-daughter correlations because femalt 
alw^i receive their father's only X-chromosome, but may receive ef 
cK their mother 's X-chromosoffles; (d) mother-son correlations should (be. 
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ii to f athff-daughteir corif'elatlons because 1n both cases half of 
:X chranosimial Inherltwce of the f tmale mtmber of the pair Is 

to the X chromosomal Inherltanct of the male member of the 
Thu* the predictions are: (mother-son »father*daujhtir )>(mother- 
^ighFtir) (father-son'^). ' ' 

^ Another test of the hypotheses Ties In ttie fact that -they predict 
A btaodal distribution of scores. The score distribution should show 
^^tfte, predictable sejc-related differences. The proportion of fsmaies 
^wfng evidence of high skill should be the square of the proportion 
of males showing high sk1>l. If the chafactir1st1c Is recessive and 
ihrHed on the X chlromosome, maTes would need to Inherit oijiy one-x 
i^h the gene on it* to evidence the characteristic while fenales -wwld . 
r^. to inherit two Xs with the gene on It to evidence the square of the 
liKobaMlrty of Inheriting one. . , 

' X-Tlfiked Inheritanci of mathematical pr oblan solvlM. Stafford 
fiT963) studies the Intra f ml lial correlations on the Mental Arithmetic 
test of fathers and mothers and their teenage sons or daughters. • These 
^^ta have been presented at various professional meetings and also in a 
Sfcer pape»> (Stafford, 1972). The correlation pattern did not follow 
tfiat predicted though 1t was described as best fitting the X-linked 
hypotheslsr no statistical tests of differences between correlations 
i5re.run. The father-daughter correlation of .21 should have. been about 
the sane as the mother-son correlation of M, Both should^have been ^ 
MghA* than the mothef-daugbter corrilation .25. ^However, the father-^^on 
correlation was lower. .08, and close to zero. (Consistent with the . 
faiuBptlon of m iBirtatlve mating, the father-mother correlation was 
.07. V Averaglm flKe correlations with some reported by other Investi- 
gators In the Wf^ and 1930's, the correlations fell somewhat more In 
TTne^wTth whit was predicted, but still not to a convincing _ degree and 
stin hot bu^ssed with statistical tests (Stafford, 1972).^ 
Wllllans' (liil) finding of a significant correlation of .31 between 
SS f tthers aS sons of the Wechsler Arithmetic subtfest Is not consistent 
with the X-1 Inked hypothesis since, according to the latter, the coj^^v 
latlons should be zero. (CorreTatioh between parents was nonsignificant 
^fndlcatltig n» violation of the assortatlve mating assu^pt16n.j 

Stafford (1972) reported score distributions of the Jfental Arith- 
metic Problai? test. On the distribution of averaged monozygotic twin 
scores, he estimated the location of the antlmode. Then males and 
fenale subjects (300 pairs of twins of various sorts), ages IZ to is, 
were'sortetf as to whether their scores fell above or below the antlmode. 
On the basis of this analysis, Stafford estimated the gene ^Jfuency as 
.43. The proportion of the fanales above the antlmode; was .33. _However, 
the hypothesis predicts that this value should equal ,43^, or .18 which 
It. does not. 



n I, '"f?"!!^ of Hartlage . (1970)' conformed rather well with the X- 
irstaf?orf n 2??'.^°'^ '"^ Kolakowski (1973) took thase risults! thtet 
«L!i^r (1961) and averaged them- with some . results of their oWn In 
' significant differences faetleerthi • 

KaUklwskf -"3 '"PP^^^ ^=^^"ked hypothesis. Bock and 

Kolakowski (197^3) also reported that for the spatial visualization 
scaled scores over 700 11th grade students, 'the distributions w^?e better ' 

nor^d1str?b^7?^^'w'" 1^".^ " Thit bS 

hypothesis " firedicted by the X-llnked 

^. ^ (1.975a)- studied siblJng correlations and w1th1n-sex score 

?h. J'i® high school students. Part of the results supported 

tat ;en1l75B)''5?d*''nn}'f,-f "^'l^ " also of Interest t^ nott' 

;5 ; I vl75B) did not find any differencs- in handedness between those 
of presumab y high or low genetype for space perception This would 
' nS few-r lteral?tS ^^^^^^^^^ of X-?1nked lSe?lS e 

setrel^ted fi-??^^IJ^.^^?°*^' - - ' Presented as explanations of " . 
!JLr^ ! u ^" space perception. However, neither hvDothesIs 

appears to have empirical support (sae section on Levy) 

t «^'^5®J®Pn-L°^ Stafford fl966) thit the scores of the Space Relations I 
test of the Differential Aptitude tests were bimodal as predtcted Sas V 

evaluallon'^L't^^n'nal;;^^* statistical tests S pemU ^ 

konI*f (1974) is sometimes cited in support of the X-1 inked 

5?rJnS-'n' °^ inheritance of spatial skill, but provides neither ■ 
strong nor appropriate support for the hypothesis. . 

In fact, the emplrjcal support for the X-llnked hypotheses has 
crumbled. Bouchard (Note 8) found that the familial correlations 
among members of^?00 families did not order themselves as predicted by 
J that human spatial visualization is under the cSnlrof of an " 

X-lmked recessive gene. A large scale study in Hawaii of Aner cans of 
European ancestry (739 familiesMnd ^erlcans of j?|wefe ancis"f • 
(244;families) found that neither the scores of five dIffereJf spatial 
tests nor the score of the spatial factor produced correlatioL^^nn 

ScClearn'^M? tshad'lf d'P*1^i?i ^^^^^^^'^^ ' ' 

^uZ'fZ'r^ t'J^^^'^^^fi.^ ^376). Williams 1 1975) did 

not find the predicted correlations for the Black Design test in 55 , " 
Canadian families. Bock (19€^) found the distribution of spat Si ' 

' IP^^ °^ 45 families inconsistent w1t»L ?he x'l inked 
KJif*^' .pSherman and Fennema (Note 7) did not find the predicted • 
bimodality of scales score distributions of the Space Relations test of 
^^^^IV^I ^V^f^ « population of'over loo 9?h gJidl 

students. It should- also be noted that failure to find sex-relited 
22^I?If 'P"'*^ visualization between groups of males In" - - 

5o?l 1 1 pf* X=linked hypothesis (Fennla & Sherman, J 

V if J-i u - J^l - accumulation of negaWve findings disconfirms the 
X-linked hypothesis of the inheritance of spatial skill. 1^^' L-=^— 
the recent studies are based on much larger number^ suages^TTFat" 
previous findings were chance var1 a t1 on^ « smaTT sampled 



Ceweltitlon Ragardfng X^llnked Hypotheses / 

these hypotheses lack fnip1r1ca1 support. 
Iron cations for Further Research 

This does not appear to be a fruitful area for further research. 



Sex-related Differences tn Brain 'Lateral Izatlon 

What authors mean by "brain lateraMzatlon" Is often not precisely 
i^pia4ned,> For Mrnial, righ-handed persons, the two hemispheres of the 
rbfifn w&^eught to specialize In sonwhat different functions, the ' 
le#l^1sphere speclallilng In verbal, analytical tasks and the night 
hiinfsphere in spatial gestalt tasks (Dimond S Beaumont, 1974; Kinsbourne 
& SBltH, 1974i Mllner. 1971). It is also thought that each hemisphere 
ma^ diveiop prograimvfng favorable to its specific task (Kinsbourne, 
1^4S*. l974b). Usually when authors speal of differences in "brain 
Tateral Izatlon" they refer to the speed or completeness of the establish- 
Wilt of lift hemisphere dominance for verbal, analytic function, 
espieclally speech, though sometimes they mean dominance of the right 
hemisphere for spatial, gestalt function. Unless otherwise specified, 
the discussion will assum'i right-handedness. 

Mathematics and Brain Lateralization 

Most accounts of .lateralization of cerebral function are rather 
siinpllfled. In the main, they locate mathwiatics in the left hemis- 
phinee-^ith verbal, analytic thinking. The only mathOTatical task 
ttOted as located in the right hemisphere is very simple computation 
(Spfrry, 1975). Logically It would appear that fanales should do as 
well as males in mathematics since females are generally conceded 
t© do as well or better than males on verbaT tasks, fis previously 
oCvd. however, mathematical tasks are complex; and spatial skill, which 

is fupposed to be a right hemisphere function, can be very much Involed 
n niaRty' types of mathanatlcs achievement. Moreover sMie mathematical 
ai^is may require use of both hemispheres. Bogen ,and Bogen (1969) 
sillf^st that "Integrated use of verbal and visuo-spatiaT thought may 
ddpind on Interhaiispherlc communl cation. Including an Importanr 
cdfitrlbutlon from the corpus callosum," (p. 199). They cited many 
exmples from great thinkers, including Poincare and. Einstein, about 
tfte role of Images, difficult to verbalize thoughts and uncorisious 
thtnklng in creative mathematical work. They emphasize that lack — 
of Ireatlvlty may stem fron "the inhibitory effect, on the appositional 
source (right- hemisphere), of an excess of propositlonal (left-hemis- . 

phere) thinking" (p.ZOl). 

' studies of mathematics and brain lateralization. There have been 
several studies of mathematics and brain lateralization, but unfortunately 
for various reasons the results are not easily interpreted. For example ^ 
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Bakin (1S69) rtpopted that a predominance of right-eye movements (pre- 
sumably left hemtsphere activity). Is associated with ma J or 1 no In a * 
natural sclenci and relatively better mathematical performance on the 
Scholastic Aptitude -Test. The sex of the 22 subjects was -not reported.^ 
Bakan (1971) made several statements about sex-related differences, 
but presented no data to support his vlws. 

Harsham and Rem'lngton (Note 9) cjted studies to the effect that ^ / 
SS'' ,, and more Uft lateral eyj movements occur" among women (&ay. / 
1967; Weltan & Etaugh^ 1974) though Puke (1968) and .Ftaugh (1972) found 
no sex-related difference. Moreovfr the Weltan and Etaugh (1974) . - 
finding Is a-trend, pfJO, over responses to verbal, numerical, and - ^ 
spatf^Tand musical questions (n-24 females and 24 males). The theoretical 
meaning of such a difference, If replicated. Is not clear slnw* response 
to task believed to Involve both hemispheres have been lumped togethir 
A greater proportion of lateral eye-movwients were made to the rigw on 
^S-nf^ numerical questloos than to spatial and musical questions. 
£r.01. The numerical queltlons "were computational, which would pre- 
sumably Involve the left hemisphere. Weltan and Etaugh (1973) reported 
il^ih" S '•elatlvely higher on the Mathematics cAared 

to the Verbal subtest of the Scholastic Ap.t1tude Test (n-lS. se? 
reported). Kinsbourne (1974c) indicated that varlationr in experi- 
mental procedures can lead to varyln'g results with lateral eye move- 
ment technique so that some of.the discrepant results are doubtless 
artlfactual. At this point it is difficult to conclude anything about 
sex, laterality, and mathematics or spatial function from these studies. 

Hypotheses of Sex-Related Difference in Lateralization ' 

There afe several varying hypotheses of differences between the 
fexes in brain lateralization. These hypotheses will first be briefly 
described and then the relevant evidence for each will be reviewed A 
large number of studies have few female subjects, do not report sex of 
subjects, or use male and female subjects but not analyze the results 
separately. .For the most part these studies have not been Included in 
this review. , 

Buffery and Gray (1972) hypothesized that dominance of the left - 
hemisphere fo^ verbal function Is attained earlier in girls leading 
to less bila^ral representation of spatial function. Buffrey and Gray 
believe that bilateral spatial representat'ton Is beneficial to' superior 
spatial functioning and hence lack of spatial bilaterality wouM account 
for poorer female spatial performance. ' • , 



After completing the review, two further unpublished reviews 
were received (Harris, Note 15; Harshman, AemlDgton and Krashen, 
Note 16). They do not, however, require subrtintial alteration of 
the conclusions reached. 

_ . • ■ ' , ■ , • • 
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"^^ U (LfiV^i /1972| Uvy-AgriStl & Sparry, 1968) hj^othesiied that 
fttTiSp like 1t^^ miliSp ara mora J Ike 1y to have verbil function 

1^^^ In iiotR htmlipherts of the brain « It Is hypotheslzid that 
V^j^t vtrbtl md spatial funetlon Is /attained when one hemi sphere « 
i^m^if the ttftg Is speclallied for verbal function* Since bnateral 
iPip^entatlon of verbal function would Irqpair spatial development^ 
,^fiq^1tft llktuiale left handerf, would have poorer spatial function. 
Im^alTyt it was thought that verbal function was not Infialred because 
of tlie cultural Importance It receives/ Lat6r, Levy (1974) suggested 
th«b bilateral verbal function confers an advantage to verbal per*t&«^ 
fot^taoe.^ Maccoby and Jack 1 In (1974) found the Buffery and Gray and 
Lfv(y^ liypothtsef In fundamental contradlctl on « One hypothesis propos#^ 
tfiii 1tss^ latlrallzatlon results 1n development qf better spatial skill 
afl^.tht othtr that mm^e lateralization results In devtlepment of better 
s^^tat skUl/ It tHould be notedt however, thatHhese ^ypotheset ar%^ 
not dirtet oppoi1tes« Buffery and Gray hypothes lied that because males 
bave more b1 lateral tp at 1^1 function they are better than females In 
performirrg spatial ta:sks. Levy hypothesized tha%b€cause females are 
nare bilateral Irf verbat function , the spatial fundtlon they are better 
than females In performing spatial ta^s. Levy hypothes^^lied that be-> 
ctuit females are more bilateral In verbal function » the spatial 
functlort of the right- hemisphere is Interfered with causing poorer 
sMtl^l fwi^etlon (Levy, Note 10 ' * 

Harshman affd Remington (Note 9) suggested «t bat because females 
mature earlier than maleSp at *younff ages ftfmale^ appear to be more 
lateral Ized (meaning clear lett hemisphere dominance for /erbal 
funct1on)than males. However, when males are fully mature they are . 
morf. lateral Ized than females for both verbal, analytic arid spatial, 
gestalt functions. ^ _ ^ 

Sherman (1967, 1971, 1974, Note 11) has presented the "bent twig" 
hypotheslStt She suggested that for more females than males » ah early 
'preference for the verbal mode Is establlshid* This preference Is 
further developed by a variety of factors fncludjng education and 
cultyrftl Influence « The verbal prefere^ ts a' left hemisphere 
prtifeMnce whiph alio is manifested in ffie greater- rol^ of the left 
hMfsphert In spatial function for females. In essenset throMgh a 
e^mbtnatlon of factors, more females than males are likely to take 
a Verl^alt analytic (1eft-br41ned) approach to tasks. The hypothetis J 
does not assurnt as Incorrectly stated by Maccoby and JapkJIn (1974), 
that btcause the left hemilphere develops well, the rlght^ hemisphere 
does not or cannot develop well. ^ 

Bitffrey and Gray Hypothesis . " . 

The Buffery and Gray (1972) hypothesis sUtss first that left tere- 
bral dominance for verbal function Is established earlier In glirls than 
in bo/i/ Secondly It assumes that because of thij eai^ller left cere- 
bral domln^cet females hive less bilateral spatial function and thirdly 
that this causes their spatial skill to be less poorly developea than 
in the case for males. Each part of^thls hypothesis will not be ^ 
iXMi1ned« " * ^ . < 



Earlier left hemisphere dOTinance In females . That left cerebral 
dominance for verbal function Is established earlier in girls Is 
based first of all on data showing more precocious verbal development 
In females than in males. Relevant studies were most recently txten- 
sively reviewed by Maccoby and Jacklin (1974). They cited some studies 
that did not show v'erbal acceleration of girls compared to boys. 
Johnson (1973) found cultural variation In female precocity in reading 
skill, FCTiales were not more precocious In reading than males In 
cultures where students were taught by a higher perceiftage of male 
teachers. Evidence such as these do not necessarily mean that fwales 
are not "naturally" more verbally precocious, but at the very least 
they indicate that "nature" Is not very rigid. They also suggest 
caution in inferring from apparently invariant psychological "facts" 
to hlologlcal etiology. On the wholet however, the verbal acceleration 
of girls is generally accepted. 

An additional source of evidence for the conclusion that left 
cerebral dominance is est jllshed earlier in females than in males, 
stems from tachistoscopic studies and studies o^ dichotic listening. 
Such studies takt advantage of the fact that material presented in 
a heml-field of space initially goes to the contralateral hemisphera. 
For example, the majority of right-handed adults Identify tashisto- 
scoplcally exposed, easily verbalized material more accurately when It 
is presented in the right visual hemi-field, and hence initially 
to the left cerebral hemisphere, than when it is presented 1n the 
left visual heml-f ield,^ and hence initially to the right cerebral 
hemisphere* The reverse Is found far difficult to verbalize (non- 
verbal) material. Buffery and Gray (1972) have concluded that there 
Is a linguistic device in the left hemisphere which Is more developed 
in the female than male human brain of the same age so that for 
femaleE there is a linguistic device in the left hemisphere which 
is mora developed In the female than male human brain of the same 
age so that for females there is earlier and more complete 
lateralUation. | 

Kinsbourne (1974a, 1974b) suggested that before age five, the 
dichotic superiority of the left hemisphere for speech sounds reflects 

_ i tendency to orient to the right with speech input, and need not , 
Imply a greater left - than right- henisphtre facility in processing 
verbiT materiaK If the attentlonal ascendency of the left hemis- 
htr? Is accomplished with reciprocal inhibition of the right, over 
tim# this inhibition will have a cunfmulative effect on the right 
hemisphere, lie*, reducing its competency for that particular 
mattrlal.- If Kinibourne is correct, the emphasis should be on the 
grtittf fttentional ascendency not on the greater COTpetency of left ^ 
heinlsphei t vtrbal function of young fwia Its. This conceptualization 
has. a vtrltty of implications, but suffice it to say here that if 
Klnsbournt Is correct Buffery and Gray -would need to modify their 

, hypothesis scfnewhat. Hence, with some reservations, it can perhaps be 
fiirly cone luded that left cerebral dominance for verbal function is 

' ^ " ' ■ ■ ■ ■ 
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istablished iarlier in ftmales. 

Earliar left ce r ebral dofnl nance as a cause of less spatial 
bi laterality . 

Why should earlier left certbral dominance fcause less bilateral 
spatial representation in feniales and/or is there any evidence of less 
bilateral ity of female spatial function? Buffery Gray (1972) did 
not accept as relevant some findings that the left hemisphere is more 
important in female than in male spatial functioning (Lansdelli 1962, 
1968). On the whole* there Is not a considerable amount of data which 
are inconsistent with their view. Their cerebral daninance for visuo- 
spatial Ifunction^ occurs later In males than in females* However, 
Wltelson (1976) and Rudel , Denckla and Spalten (1974) report the op- 
posite. Even if it were true that right cerebral dominance for 
visual-spatial function occurs later in boySs 1t would not necessarily 
follow that this results in more bilateral representation of spatial 
function for males. Harshman and Remington (Note 9) suggest that for 
adults sex- re la ted differences in lateralization could be quite 
diffarent than for children. Buffery and Gray presented no solid 
evidanci that males have more bilateral spatial representation than 
fam^Jes. 

Spatial bilateral ity associated with superior performance , Buffery 
and Gray (1972) presented no Independent evidence to indicate that b1- 
/lateral rapresentation of spatial function Is associated with superior 
'Spatial function. Indeed, there Is some evidence to the contrary 
(Waber, 1976), Also, in the preschool ages reported as those when 
m]ps have not yet established right cerebral dOTiinance for spatial 
funfctlon, Coates (1974) demonstrated female superiority In spatial 
parformance. While one can suppose that bi laterality Is advantageouSs 
there 1s no independent direct or indirect evidence that this is so 
and and some to suggest it is not. 

Conclusion regarding Buffery and Gray hypothesis . Buffery and 
Gray's hypothesis is implausible and lacking in empirical support, 

Lavy Hypothesis ; 

This hypothesis has not been thoroughly spelled out In print, 
but was discussed by Maccoby and Jacklin (1974)i has circulated in 
unpublished manuscripts and in informal conversation, Levey (1972) 
contains at least a partial statement of the hypothesis. Basically 
thr hypothesis 1s that because women have more bilateral represen- 
tation of verbal function and because hemispheric specialization | 
results In maximal cerebral organization* females perform more j 
poorly on spatial tasks. Spaclflcallyi it was suggested that right- 
handed females would perform like left-handed males who presumably | 
havi bilateral verbal representation. Let us examine each of thes6 



propositions in turn. 



Evidence rtgardtng verbal bnaterailty In females . The jdea that 
wwnen have more bnateral representation of verbaT function Is first of 
all Inconsistent with findings that slightly more females are right- 
handed than males s though this sex-related difference is not clearly 
establishad, (Sherman* Note 11). The opinion that f^ales are more 
verbally bilateral appears to rest partly on observations that females 
recover from aphasia better than males. Presumably right-handed 
females becoming aphasic due to Injury to the left cerebral hemisphere 
recover better than comparable males because they have more verbal 
capacity in the uninjured right hemisphere, Tfrls line of evidence is 
very indirect even If one assumes that adequate numbers of matched 
males and females have been objectively compared to Justify this 
opinion. For example, since verbal function is often better developed 
in females than in males and since greater adequacy of performance 
before damage is associated with better recovery from aphasias the 
better development of verbal function in females before injury may 
account for more complete female recovery. This explanation seems 
more plausible than assuming there is more verbal capacity In the 
female than in the male right hemisphere. In any case this Inference 
is not a necessary one. 

Other evidence cited in support of verbal bi laterality in females 
include: (a) studies of temporal lobe surgery on epilepsy patients; 
(b) studies of women who received unilateral electroshock; (c) tachls- 
toscopic studies; fd) studies of naturally occuring brain lesions 
and (e) studies of commissurotany patients. 

There are ^ta available from studies of surgery with temporal lobe 
epilepsy patients. For these patients, part of the temporal lobe is 
excised in order to reduce the severity of their epilepsy. These 
studies are particularly valuable compared to studies of naturally 
occurring lesions since pre-post surgery performance can often be 
compared; size and nature of brain injurits can be more exactly 
determined, and the time interval between the brain injury and in- 
tellectual evaluation can be more exactly contro^lled. It was from 
these studies that ^he first hint of sex-related differences in brain 
lateralization emerged, ^ 

Lansdell (1961) found that left temper AT lobe surgery disrupted 
the performance af males but not females, on Gor^iam's Proverbs Test. 
From this one might Infer that females have more verbal capacity in 
the right hemisphere.* However, two later studies by Lansdell do not 
provide even this slight support for the position of female verbal 
b1 laterality, Lansdell (1962) found a decrement In verbal scores on 
the Wechsler Intenigence Scale following operation on the left 
hemlspHere but did not report any difference between the sexes In 
the decrement. Lansdell (1968), also did not find a sex by side 
Interaction for the veral comprehension factor. That is, verbal 
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comprehtnslon decremtnt following timporal lobt surgery was the same for 
males and femilts. 



There have been some studies of depressed WOTen receiving electro- 
shock therapy for their depression 1n which the shock was applied to 
only one sida of the brain at a time* Using this procedure performance 
before and after electroshock to either the left or right side of the 
brain could be evaluated in terms of its effects on Intellectual per- 
formanct, Cohen* Noblln* Silvennan and Penick (1968) examined the 
effect of unilateral electroshock on the perfonnance of 24 right-handed, 
yeprassed women* Shock to the left hemlsphera resulted in a decrement 
on a verbal paired-associates task of 16,7; shock to the right hemis- 
phere resulted in a decrement on a visuographic learning task of 4.8 
compared to a decrement of 9*5 with shock to the right hemisphere. 
These data suggest some bilaterality of spatial function, but very 
little bilaterality of verbal function in women. There was no male 
group so cross-sex comparisons can. not be made* Inspection of the 
data on both left and right-handed males and^females reported by 
Warrangton and Pratt (1973) does not show evidence of greater verbal 
bilaterality in females* 

Hanny and Malone (1976b) compared tachistoscopic results of fe- 
males with those of males from a previous study (1976a)* The females 
showied right visual field superiority for verbal material for the 5 
second memory interval* pf.OS, while males showed right visual 'field 
superiority for both the 5 seconds pCOl, and the 10 second interval * 
p^.OS. From the facts that males showed left cerebral dominance 
for verbal function for two experimental conditions and with a more 
strtngtnt level of probabilityi it was concluded that femaTes arfe 
less lateralized for verbal function than males* No direct statis- 
tical comparison of the two sexes w« made. The authors' conclusion 
that their data show less complete lateralization of linguistic 
function In females is not well supported by their data* 

Harshman and Remington (Note 9) cited one tachistoscopic study 
(Ehrlichman* 1971) in favor of the proposition of greater verbal ^ 
bilaterality in females and one not supporting it (Bryden^ T965). 
^Uke and Bryden (1976) found no sex difference in lateralization on a 
verbal dichotic listening task for persons, regardless of handedness * 
without a family history of sinistrality* For those with a positive 
family history of left-handedness. males were more as>rttetrica1 than 
females* These authors reviewed data relevant to the question of 
greater verbal asymmetry in males* They cited the studies of Carr 
(1969) and Bryden (1965) a." finding no general sex differences but 
iTiteriction trends of sax^w^th handednessl Some unpublished data 
Ware cited indleating greater lateralization among males^ but irt^ 
sufficient datall was given to evaluate' whether the difference were 
significants Lake and Brydbn (1976) unsuccessfully tried to support 
the case fot greater verbal bilaterality in females with data from 
studies of aphasia. None of 19 right-handed women reported by 
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Welnsenburg and Mclrlde (1935) had aphasia, as a result of right heml- 
sphift damagt. Data regarding sex-related differences In brain anatomy 
was cited. The fact that there were significantly more adult fanale ^ 
than male brains with larger cortical speech zones In the right than ^ 
In the left hemisphere was cited as consistent with the proposition of 
more verbal b1 laterality In fmales. The difference was not observable , 
in Infants (Wade, Clarke li Hamm, 1975). Overall the total number of 
persons with reversed asynmetry In the sample of 100 was 10, hence the' 
percentage of women Involved Is small and there Is no way of knowing 
how these results related to other factors such as handedness. Altogether 
their data are not very convincing of greater verbal b1 laterality in 
fanales, especially not in right-handed fonales. 

Since females are more viable and verbally facile than males, it is 
possible that more female infants with injury to the left hemisphere 
survive and deve-lop verbal function 1n the right hemisphere. Because of 
thelr/greater viability and verbal facility and the lesser expectations 
placed on -the female sex, these persons might more likely than compara-ly 
damaged males merge with the general population and never be detected as 
neurologically traumatized persons. Such an hypothesis could account 
for some of the Interaction effects of sex with handedness. Left-handed 
females in the general population may have a higher proportion of 
neurologicany traumatized persons among than. 

Findings that males with left-hemisphere damage score lower on 
verbal tests than females with left -hail sphere damage are cited as 
evidence of greater female verbal bllateraHty, but these data are not 
convincing since males may ha^e had lower scores to begin with. More dire, 
direct evidence for bilateral verbal representation In females would be 
findings that Hght-hanl sphere damage bas a more adverse effect on the 
verbal perfarmance of females than males, but such was not the case In 
one study (McGlone & Kertesz), though findings were In that direction. 
Simnarly, McGlone (Note 12) reported that the Wechsler Verbal IQ of 
right-hafll sphere damaged males was- 106 compared to a Verbal IQ of 99 for 
fanales (n-U In each group). Even If one assumes the groups are 
comparable, the results again are in the predicted direction, but are ' 
probably not significant (test apparently not run). Hales with left- 
hanl sphere damage scored lower on Verbal IQ than females with 
left-hemisphere damage. Left-hemisphere damaged males scored lower 
on Verbal IQ than Performance IQ £<.01, while this was not true for 
fanales. These facts, however, are less l: the point. Citation of 
these two studies does not exhaust the possible relevant data from 
brain injured persons, but results of earlier studies were often not 
analyzed separately by sex nor designed to test for sex-related 
differences (Sherman, 1974). ThesI two studies, however, present some 
recent data and serve to Illustrate the t^^p^s of evidence used to 
support this point. 
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- Using tha male proportiOTi above the antimode as the istimate of 
gtns ffiquency, .43, Stafford tested the observed score distributions of 
181 dizygous twin pa'fi (fraternal twins of the same sex) on the Mental 
Arithmetic Problai.s test against the predicted distribution. The fit 
for males was adequate, however, the fit for dizygous (DZ) female twins 
deviated significantly (p < .001) and the fit for heterozygous (HZ) 
twins (fraternal twins of different sexes) also deviated significantly 
(p < .OS). The fit of these results was described as "not too bad for 
HZ twins, but somewhat" off for DZ girls," (Stafford, 1972, p. 197). 
These data ^o not provide support for the X-linked hypothesis, yet 
Stafford at the end of the article says, "In conclusion, it appears that 
In'general there is an underlying hereditary component for a proficiency 
In quantitative reasoning which fits the sex-l1nked recessive model fairly 
well." (Stafford, 1Q72, p. 198). 

Sherman and Fennema (Nate 7) examined the Mental Arithmetic Problems 
score distribution of 161 male and 152 female, 9th grade students for 
their fit to X-Hnked predictions. The proportion of males and females 
In the upper range of the mathematical problem score resolutions was 
grossly out of line, "rfie female proportion (.49) was not close to the 
square of the male proport^n (.532 ^ .28). While a b1 modal score dis- 
tribution was not rejected Tor either sex, the means of the two curves 
were similar and single normal curves were similar and single normal 
curves were not rejected ai fits of the data. 

There Is no acceptable, scientific evidence of x-1 Inked Inheri- 
tance of mathanatlcal problOT solving. 

X- 11nked Inheritance of spatial visualization . Stafford (1969) • 
published part of the results of his dissertation (Stafford, 1963) in 
which he studies Intraf amlllal correlations on a variety of cognitive 
tests The one which best fit the X-linked hypothesis was Identical 
Blocks, a measure of. spatial visualization. For this test, the ordering 
of the size of the correlations conformed to theoretical predictions, 
that Is mother-sonsrfather-daughterrnother-daughter^ather-son-0. ^ 
Stafford, however, did not statistically establish that the correlations 
were significantly different from each other. Moreover, he found the 
magnitude of the correlations consistent with an estimated frequency of 
.20 while Bock and Kolakowski (1973) found the correlations consistent 
with i gene frequency of .50. This discrepancy has not lint credence to 
the findings. 

After Stafford's report. Corah's (1965) finding of a higher 
mother-son than father-son correlation for the Embedded-figures test 
was sometimes cited in support of the X-linkeid hypothesis. However, 
the difference between these two correlations was also not statis- 
tically tested and the rest of the correlations did not conform to 
the X*l inked predictions. Corah, himself, did not conduct the study 
with the X-linked hypothesis in m1nd. • 
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Othir kinds of data that have been incorrectly cited to support 
the view of female verbal bi laterality Include studies of comnlssurotomy 
patients (Harshman & Remington, Note 9). These patients have had the 
connections between the left and right cerebral hemispheres surgically 
severed in order to lessen severe epileptic seizures that did not respond 
to any other treatment. The majority of these persons are male and all 
of them have other brain injuries of various kinds. With these patients 
it Is possible to test each hemisphere separately since the two hemis- 
pheres are no longer connected. While the operatiort. is a drastic one, 
in fjct, deficits in performance after the .operation are not obvious 
and the operation serves to improve the condition of most patients. 

The data at issue concern the difference, a<,OU found between 
three male and four female commissurotomy patients on their A/P ratio 
(Bogen, Dezure, Tenhouten, & Marsh, 1972). The A/P ratio is the ratio 
of appositional (right hemisphere) to propositlonal (left hemisphere) 
thinking. Appositionality was measured by performance on the Street 
,f Igure-completi on test and proposltionality by the Similarities sub- 
test of the Wechsler Adult Intelligence Scale. The comnissurotomy 
patients used only their' left hemispheres to do the tests. The 
significantly different A/P ration meint that compared to males, females 
were able to achieve a relatively better score on the Street test ( a 
supposedly right-hemisphere task) using only their left hemispheres. 
Fran this the authors concluded that appositionality (spatiaT function) 
was less lateralized in the females before the commissurotofny operation. 
That spatial function is Less well lateralized in females than in males 
is not evidence that verbal function is less well lateralized. 

At the present time data do not support a conclusion that females 
hav* more bilateral verbal representation than males. However, it is 
possible that, for example, among left handers, verbal bllaterallty 
Is more frequent or more pronounced in women. 

Maximal cerebral organization hypothesis . The second proposition 
the Levy hypothesis is that cerebral hemispheric specialization leads 
to maximal intellectual functioning, maximal presumable meaning best 
development of both verbal, analytic and spatial, gestalt functions. This 
hypothesis while plausible is not so plausible as Kinsbourne's (1974a, 
1974b) description of interhemlspherlc Interaction. Portrayals of in- 
terhemi spheric relationships have underestimated the extent of bilateral 
interaction. In any case. Levy {1970, 1974) tested her hypothesis by 
comparing the relative verbal-spatial performance of right-and left-handed 
males. Since left-handed males more frequently have bilaterial verbal 
representation It was reasoned that this would Interfere with maximum 
development of their spatial capacity. Therefore left-handed males should 
show lower spatial than verbal performance and lower spatial performance 
than right-handed males. This expectation was confirmed by Levy with a 
small, select male samnle, and by Miller (]971) (sex of subjects not 
reported). However, neither Briggs, Nebes,.and Kinsbourne (in press) nor 
Sherman (Note 11) replicated this finding with larger, less select samples 
The results of Newcombe and Radcliffe (1973) were also nqt consistent with 
the hypothesis. 



McGlone and Davidson (1973) found a lower spatial perfonnance 
of left-handtrs compared to right-handers with presumned right hemls- 
phfire dominance for linguistic funttion. This finding, as Levy (1976) 
notes, is not Inconsistrnt with her hypothesis, McSlone and Davidson 
tested the Levy competition hypothesis by comparing subjects presuFiiably 
using the same hanisphere, whether left or right, for both verbal and 
spatial function with those using either left or right hemisphere for 
verbal function and the other hemisphere for spatial function. The re- 
sults do not shew that spatial function Is poorer among those pre- 
simtbly using the same hemisphere for both functions as opposed to 
those presumably using different hani spheres for each function. The 
results failed to support the Levy hypothesis. Results are unfor- 
tunately not reported separately by sex. The test Is certainly a 
stringent one for the Le\^ competition hypothesis. A more cogent test 
would have been to compare, separately for each sex, spatial perfonnance 
of persons with left hemispherte dominance for verjbal function and right 
hemisphere dominance for spatial function with the performance of those 
with right hemisphere dominance for verbal and spatial function, for 
.ex,ample. 

Levy's rebuttal (1976) of McGlone and Davidson made many assumptions 
about unknowns when further empirical tests could presumably better re- 
s'olve these questions. She aVialyzed the findings of McGlone and 
Davidson to show that the results are not Inconsistent with a model of 
the inherfllnce of handedness and brain dominance (Levy a Naglaki, 1972). 
This model has not Incorporated sex as a variable. However, Levy (1976) 
suggested that the hypothesized cerebral dominance gene is differentially 
expressed depending on the amount of sex hormones ranging from a little 
estrogen in XO persons, to more estrogen In XX persons to testosterone in 
XY persons. 

This variation. in presumed hormone strength would be paralleled by 
differences in brain lateralization and effectiveness of spatial function. 
The greater the hormone effect, the greater the lateral ization, the 
better the spatial function. Testosterone Is viewed as more effective 
than estrogen. As previously discussed, assumptions about the 
differential effects of "sex" hormones are hazardous Indeed. Studies 
of XO persons have not reported testing them for extent of lateralization 
of function. It would be interesting to know if they are less laterallzed 
for verbalor spatial function than XX or XY persons. However, it seems 
unlikely that Levy's line of reasoning will prove to be completely valid 
since some of the assumptiais are not entirely congruent with data on 
persons of chromosome/hormone anomaWes. First of all, XO persons can 
have as much natural testosterone from their adrenals as estrogens since 
they typically have no functional gonads of either sex. (Mosaics can be 
an exception.) Moreover, the XYY person who typically has normal and 
perhaps sometimes excess testosterone has pc spatial functlai. (Sea 
seetion discussing persons with sex chromosome /hormone anomalies and 
Table 1.) 



Left-handed males like right-handed females. According to the Levy 
hypothesis, the cognitive patterning of right-handed females should be 
like that of left-handed males since both groups more frequently have 
bilateral verbal representation. Levy (1974) reported left-handed males 
having a markedly higher verbal than spatial performance, a pattern associal 
with females, Sherman (Note 11) did not find such a pattern In students, 
grades 9-11. Moreover the intercorrelations among cognitive factors were 
very different for right^^handed females and left-handed males. The _ - - 
correlations between math achievement and vocabulary, math achievement 
and spatial visualization and vocabulary and spatial visualization were 
all significantly different for right-handed females and left-handed 
males. These data strongly suggest that explanations of cognitive 
patterning associated witft left-handedness will not suffice to explain 
cognitive patterning associated with the sexes. 

Conclusion regarding Levy Hypothesis This hypothesis lacks 
empirical support and cannot account for known data. 

Harshman and Remington Hypothesis 

Harshman and Remington (Note 9} suggested that while females start 
out as more laterallzed in language than males, this is only because 
females are on a faster maturational timetable. Males eventually surpass 
females and as adults are more laterallzed for both verbal and spatial 
function than are females. This hypothesis assumes that lateralization 
IS more favorable. Note also that Witelson (1976) and Rudal at al. 
(1974) report right hemisphere dominance for spatial function occurs 
aarlier in males than In females, a finding which may necessitate 
revision of the Harshman and Remington model. 

Lateralization as intellectually favorable. As already Indicated 
It Is not clear that being more fully laterallzed 1$ advantageous for 
intellectual functioning though there is some evidence to support this 
view for spatial function (Maber, 1975). Kinsbourne (1974a, 1974b) 
pointed out that strong lateralization is Important for output, e.g., 
speech, but not necessarily for Input nor Internal behaviors (thinking?). 
Even Kinsbourne's view may be an oversimplification since the Actuality 
of "normal" speech may depend on the complex co-ordination of both 
sides of the brain, each making Itsown contribution to speech, the left 
hemisphere being responsible for control of the right side of the face 
and lips and enunciation of consonant sounds whili the right side of the 
brain has control of the left side of the face and lips, resonance and 
vowel sounds (Smith, Note 13). There is evidence from commissurotomy 
patients that the right hemisphere does a better job with spatial, 
gestalt tasks while the left hemisphere does a better Job with verbal 
analytic tasks (Bogen et aK, 1972; Levy, 1970), Hence type of laterali- 
zation as well as extent of lateralization may be important. Degree of 
lateralization as a general concept 1s probably meaningless. 
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FCTalei verbaTTy bllateraK As discussid In connictlon with the 
Ltvy hypothtsiSi there Is no convincing evidence that females are more 
vtrbaVly bliateral than males. Harshman and Renlngton argue that the 
fact that more fmales than males mfty he rlght^handtd does not refute 
tttir cast for "normal " males. There are certainly valid aspects 
to this argument. On the other hand* data are not convincing that fe* 
males have more bilateral verbal representation and some of the data 
-elttd to support this view 'are^+Aappropr1ate, The striking difference 
bttween the cognitive patteri\1ng ofyright-handed females and left- 
handed males also argues against this view (Sherman, Note 11), 

FOTales spatially bilateral. There are several converging lines 
of evidence indicating that for females more than males s the left hemis- 
phere is more likely to be involved in performing spatial tasks, ThiSs 
however. Is not necessarily the same as saying that females are more 
spatially bilateraU nor can one infer that the brains of normal members 
of the two sexes are organized differently. It may be that females 
develop a preference for a left^bralneds verbal, analytic approach. It 
is also possible that females may rely more on the left hemisphere 
while males may rely more on the right hemisphere for spatial function, 
both sexes being bilateral • The evidence of greater female left hemis- 
phere involvement in spatial function consists of: (a) results of ex- 
periments In which electroshock was administered to a single hemisphere; 
(b) tachlstoscopic and other studies; (c) studies of patients given 
ttmporal lobectomies; (d) studies of patients with naturally occurring 
brain lasions and.{e) studies of commissurotomy pat'ients. 

Studying women before and after unilateral electroshock* females 
showed more deficit in performance on thfr Rod and Frame Test, a test 
of ppatial perception, when the electroshock treatment was applied to 
'the left hemisphere than when it was applied to the right hemisphere 
iCoheni Berent & Silverman, 1973).. In fact there was a paradoxical 
tendency for performance to Improve after shocic to the right hemis- 
phere. Could this be the result of permitting total control by the 
left hemisphere, i.e. eliminating interfering competition form the 
right hwlsphere (Kinsbourne, 1974a, 1974b)? Jf so, this may providt 
some clues to the benefits of more complete lateraliiation though 
researchers would not ordinarily construe lateralization of spatial 
function to the l-eft hemisphere to be a benefit since spatial function 
1$ "supposed" to be located 1n the right hemisphere. The evidence for 
the greater Importance of th left hemisphere^ to female than to malt 
spatial function would be stronger if the experiments were repeated 
on male subjects so that fOTale results could be compared with male 
results. ' 

Fanales more frequently than males have been found to be more 
accurate in enumerating dots tachlstoscopically presented in the right 
visual field suggesting that the left hemisphere Is more frequently 
©f greater Importance to spatial function in females than in males 
(Kimura, 1969, 1973i McGlone & Davidson* 1973), 
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An Incidental finding of the Sheman (1974) study was that the — 
performance of female subjects was less accurate when" the frame of the 
Rod and Frame test was oriented to the subject's right rather than to 
the left while the opposite was true for males. For the second set of 
eight trials, the sex by frame orientation Interaction was significant, 
-^05, andjthe sum of chi -squares for the first three blocks of eight 
trails wiii^ignif leant, ^f.Ol. This finding can be explained by the 
hypothesis ^hat the left hemisphere 1s more involved in spatial 
function for females, while the right hemisphere is more Involved for 
males. Rudel et al. (1974) found that girls develop more slowly in 
the performance of right-hemisphere-dependent tasks and that girls 
more than boys depend on left-hemisphere mediation for such tasks. 

Alsc cited by some as evidence supporting the view that females 
are more bilateral in spatial function than males is ~he finding that 
both left- and right-handed wwnen performed more poorly than left- 
and right-handed men respectively on h task of right- left discrimination 
a spatial task (Bakan, 1974). 

With temporal lobectomy patients, Lansdell (1962) reported that 
left lobectOTiy impaired judgment of design in females while right 
lobectomy improved their performance;, the reverse was true for males. 
The f.inding that right lobectomy in females Improved spatial performance 
Is consistent with the finding from unilateral electroshock studies 
that female spatial performance was improved with shock to -the right 
hemisphere. That is-, for females, spatial performance improved without 
the right hemisphere contribution. For males, howeven spatial per- 
formance improved without the left hemisphere contribution. ■ Lansdell 
(1968) found that aftei* left-sMed temporal lobe surgery, females had 
lower scores than males on the Block Design and Object Assembly subtests 
of the Wechsler Inte+^Mgence Scale (spatial tests) while in the case 
of right-sided surgery, males had lower scores than females, pf.05. 
The temporal lobectomy data of Meyer and Jones (1957) analyzed in 
Sherman (1974) are consistent with Lansdell (1968). For left-sided 
surgery there was more spatial deficit for females than for rsales, 

for right-sided surgery there was more spatial deficit for males 
than for females, p .05. Presumably the interaction effect would be 
statistically significant. 

As -already indicated, there are many Inherent difficulties in 
drawing Inferences frwn studies of naturally occuring lesions and many 
of the older studies did not test for sex-related differences and were 
not designed to evaluate such diffarences. Two recent studies already 
mentioned explicitly tested for sax-related differences (McGlone & Kertesz 
1973;.McGlone, Note 12). Males with right cerebral damage tended to 
sfrow griater impairment on the Block Design subtest of the Wechsler Adult 
Intenigence Scale (WAIS) than did females with right cerebral damage, 
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£^^10.- However, f«n«les wit^ left*s1ded damage did not show significantly 
greater impairment on the Block Deisgn subtest than males -though firirtings 
are in that direction. Block Design scores correlated ,63 with the scores 
on the Aphasia battery among the 22 females with left-sided damage com- 
pared to a correlation of -23 for the 32 males with left-sided damage. 
This sex-related difference 1n correlation is not statistically signifi- 
cant, but the direction of the finding suggests the greater partici- 
palTon of the left hemisphere in female spatial functioning (McGlone & 
Kertesz, 1973), 

In another study by McGlone (Note 12) ^ there were no significant 
differences for either sex In WAIS Performance IQ depending on whether 
the damage was left-sided or right-sided. In males, however, mean 
Verbal IQ was lower than Performance IQ for subjects with left-sided 
daniagej £^,01s while mean Performance IQ was lower than Verbal IQ for 
right-sided damage ^ £^,01, No such deferences were found for females, 
McGlone Interprets these data to indicate greater laterality of function 
in males than in fecnales^ These data provide only slight support for 
the specific proposition that the left hemisphere Is more Involved in 
female than In male spatial functioning^ (The brain injured persons 
consisted of both vascular and tumor cases; for the female tumor 
cases ^ those with left-hemisphere damage had a rhean Verbal IQ higher 
than Performance IQs a finding in the same direction as for right 
hemisphere damaged males, but the Verbal-Performance IQ discrepancy 
was In the opposite direction for vascular cases. Hence there 1s some 
slight support for the proposition of greater left hemisphere involvement 
in spatial function for females In part of the data,) On the who' 
variations In type of injury, time since Injury and the impossibility 
of making more than an approximate guess in estimating prior intellectual 
function-'ng in order to match groups * make data from studiis of naturally 
occurring brain lesions mpre suggestive than convincing* 

The finding already discussed^ from comfnissurotomy patients, that 
the Street-figure completion testTl spatial testv was^TirfOTmed better 
by the left hemisphere of female than male patients is* of courses striking 
evidence in support of the proposition that the female left hemisphere 
1$ more involved in spatial function than the male. ; 

The evidence on the whole supports the view that for human fernales 
the left cerebral hemisphere is more involved in spatial functioning than 
is the case for males and that males rely more on their right hemisphere 
for spatial function than do females. , But Is this evidence that fimales 
have more bilateral spatial function? Not necessarily since it couTd be 
that both saxas use both hemispheres but that there are more females who 
rely on the lift hemisphere especially. This would be consistent with 
evidence that left hemisphere dOTlnance is established earlier in females 
than males for verbal function (Rudel et al., 1974; Witelson, 1976). That 
is to say* the sexes could be equally bilateralCor nearly so) but in 
different directions. The fact that ma]e spatial performance Improved 
after left temporal lobectomy suggests that this view may be more accurate. 
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igcluiion reflarding Harshman^and Remingtqn hypothesis. Evidence 
gihMtir b1 Uterallty af verbal func^.ion ^'n aduH^fema^s is 
I and tB^e 1s no clear evidence that lateralization is favorabl 



of the 

flacking enu m&re is riu t lear eviaence tnai laxera nzrtion is TavoraDle 
the kind of lat^allzation is also imRortant, Females may simply use 
their left hemispheres more for spatial tasks and males their right. 
This does not even necessarily make one sex fnore bnate^^l than the 
other. The Harshman and Remington hypothesis is not supported. 

Bent Twig HypotTiesis ^ # ; 

This hypothesis (Sherman, 1967) began with^he recognition that 
females, 4s a group (right-handeness assumed), hive an ^arly eHne in 
verbal function wh-1ch continued into, adulthood at least for verBal 
fluency. About these observations there 1s little disagfeement . It 
was hypothesized that thf precocious verbal deve]opment of females 
caused them to develop a preference fmr a verba V approach, and coBse- 
quently to neglect a non-verbal approach to problem solving (Sherman, 
1967, 1971). This has been called the "bent twig" hypothesis and 
can rest on the law .of primacy. Later Indications that the left 
hemisphere is more Involved In female than irt male spatial functlm 
(Sherman* 1974) resulted in some refinements of the bent twig hypo^ 
thesis. It would now appear that females not only have a preference 
for a verbal approach, but a preference for a left hemisphere approach. 
That is, .they tend to rely on the lift hemisphere not only for verbal 
function but for part of spatial function. Their verbal, left-brained 
approach is even more established by their verbal education 
and sex-role expectations. Presmably, a normal right-handed person 
using 4^ left hemisphere to do a spatial problem approaches It in a 
verbal, analytic way, while a person using the right hemisphere would 
approach the task In a spatial, gestalt way* Those females*with 
strong tendencies to use the left hemisphere for spatial tasks would 
do morr'poorly because the spatial, gestalt approach is better for 
spatial tasks (Bogen et aU, 1972), Some additional support for the 
Importance of verbal function (left-hemisphere) compared to spatial 
function (right-hemisphere) for females may be found in the factor 
analytic study of McCall (1955), He reported that verbal function 
was more impoi^tant to female than to male intellectual performance* 
More involvement for females of verbal, analytic function in problem 
solving has been reported by Meyer (Note 14) and Schonberger (1976), 

Conclysion reqarding bent twig hypothtsls / The bent twig hy- 
pothesis would appear to be more congruent wltn the evidence already 
reviewed regarding (a) the comparative development of cognitive skills 
in malfs and females; (b) sex-preferred modes of problem approach; 

(c) evidence from studies regarding localization of cerebral function; 

(d) evljdence from studies showing earlier development of dominance 
of the left hemfsphere for verbal, analytic function In females* 
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Adolescance. A Second Point of Differentiation? 

Waber (T9?5) studied 'the comparitive' verbal-spatial performance 
of early and late maturing boys and girls. Girls were selected from 
ages 10-13» boys from ages 13-16. The final sample of 80 inclHjded ten 
##r4y «nd ten late maturing boys and girls at both age levels. Waber, 
found thft within individuals and regardleSs of sex, early maturers 
scored better on verbal than spatial tasks, arid late maturers scored 
better on spatial than verbal tasks, E<.01. In the older= group, but not- 
the younger group, late maturers showed greater lateralization .than early 
maturers. Waber argues that sex-related cognitive differences reflect 
differences in organization of cortical functior>»that are related to 
differential rates of physical maturation. Verbal performance was 
not related .to maturation rate while spatial performance was, leading 
to the conclusion that sex-related differences in'verbal and spatial 
skills "may have very different etiologies and cannot be explained 
by a common set of causes," p. 573'.' . ' 

Waber selected her early and late jnaturation' groups from girls 
10-13 and boys 13-16. While this procedure would be adequate if one 
could assume no d1fferences\ in maturatfoti rate for verbal and spatial . 
skins from ages 10-16 for the two sexes, ber own data show that there 
are sotnt differences and thfese differences may have dlltdrted some of 
the findings. Using just data for 13 year olds to equate for -age, 
verbal -spatial difference scores were related to maturat.onal rate, 
P<.05. Nonetheless, It would be well to repeat the Study. Including 
fully mature persons. Another difficulty with the study Is the fact _ 
that the relationship of lateralization and rate of matufatlon is with 
the absolute degree of lateralization without regard to directldn. I.e., 
dominance of the left or right hemi sphere 'fop verbal'spunds. While one - 
supposes that generally the left hemlsphert was dominant, interpretatlqn 
of the results cannot be very clear cut. For example, ^Ince handedness 
apparently was not controlled, some of the relationships between degree 
of lateralization could be related to handedness. Petersen .(in press) 
failed to replicate these results. . ^ 

Conclusions Regarding Lateralitv Hypotheses ' 

Laterality explanations of the comparative cognitive skills ilfi the 
two sexes are Interesting, provocative, suggestive, of Inrfumerab^' 
research tactics and even some practical options. Many of the , 
issufnptions underlying these hypotheses have been shown to be questionable 
and existtTig data contradict many points. It Is possible, however, that 
females (assunlng right handed) have more left hwilsphere Involvement 
In spatial function than do males. The evidence that females have more 
right hemisphere Imvolvement In verbal function than do males is much 
less, invressive. The evidence rather suggests that the left henlsphere 
tends to be the sex preferred hemisphere for females. 

That more females than males may be ov'erveFbfrTl-ied and lean too 
•Heavily on left-hemisphere, verbal, analytic functioning to solve tasks 
that would benefit from more right hanlsphere participation sews to be 



a very viable hypothesis. This left-hemispherfe preference may have a 
biological basis In the earlier maturation of females and specificany 
in the earlier development of linguistic faci'lity and left-hemisphere 
dominance for virbal function in women. 

Another point of possible biological.- influence may occur at 
adolescence when again the earlier maturational timetable of females 
means that more fer^ales than males mature early. Later maturation 
may favor right hemisphere development. Evidence on this point is 
not now sufficient to warrant any definite conclusion. Much of the 
biological basis for cognitive sexual differentiation would thus rest 
on maturational differences. 

■. The ways in which maturational differences affect cognition may 
not be mechanistically biologic, but have to do with educational and 
cultural customs of timing. That is, introduction of subject material 
and various activities, sports, heavily depends on age, not maturational 
level, m our culture. It may be that these cultural timetables are 
better set up for some persons or groups of people than for others - 
Thehistory of education has been primarily the history of male edu- 
cation. It is entirely possible that m=i.les more than females are 
better suited by the type and timing of educational experience they 
receive. The education females receive may not only be too verbal, 
lacking in spatial training, lacking In encouragement in the math- 
science areas, lacking in role' models in maxh and science, but Into- 
ductlon of education experiences may be inappropriately timed for 
more females than males. 

Cognitive behaviors are very much under cultural influences 
and any biological Influences have certainly been amplified in our 
culture. Piople have a tendency to think of biological Influence as 
immutable and somehow saricrosancts at least in some contexts. What 
is thought "natural" may be valued at some times, but certainly not . 
at others. For example though It Is not "natural" to read, rpading 
is valued. Though it is "natural" to die, dying Is not valued. There 
Is also a tendency to give primacy to biological over cultural 
influence and to Ignore the degree to which culture can shape biology 
Itself. In recent years, people live longer than before and women 
can alter their biology so as not to produce children, to mention only 
a couple of examples. These examples represent Intended human inter- 
ventions into biology, but we do not know the extent to which our culture 
unwittingly influences biology. We know that cultural influence can 
affect handedness, a commonly selected Index of brain laterality 
(Levy, 1974), Cultural influence can affect hemisphericity, a cultural 
preference for left-brained or right-brained thinking (Bogen et al., 
1972). The nature of this preference for left-brained or right-brained 
thinking may have arisen because of the demands of the culture or the 
sex role though they may no longer be functional or they may not be 
functional for every task. 
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In regard to poetical questions of research that would improve 
the achievement ^women in mathematics, the most interesting question 
to pursue is th^effect of right-brain training on spatial skill and 
mathematics per/ormance in females and the effect of that training on 
sex-related di/ferences in cognitive -performance. Can women who use 
the left hem^phere for verbal tasks be trained to switch to their 
right hemia^ere for solution of spatial tasks? Can techniques be 
developed lo train that hemisphere? Would this be beneficial? Does 
the verbaly education emphasis increase the suppression of right 
hemisphere^hinking in women? Deeper and more philosophical 
questions, Ifeut perhaps of equal importance, have to do with accep- 
tance of change in this aspect of women -s role. Would right-brained. 
Intuitive tninking be accepted from a woman? Would mathematical 
creativity Jin a woman be recognized (Helson, in press: Osen^ 1974)? 

Two n4search approaches that definitely do not seem worth 
pursuing iire (a) studies of performance in persons with naturally 
occuring oralT^"^«Je€Mons, The difficulties of controlling all relevarit 
variables and the absence of pre-post or adequate control information 
make these data unlikely to provide further eiucldation. (b) Studies 
of cognitive factors related to handedness seem unlikely to be help- 
ful. Handedness is a very indirect Index of brain laterality and 
though handedness may be important as a flag to disturbances, its 
usefulness in theoretical Illumination of questions of sex-related 
cognitive differences in highly questionable. 

Other indications for research are tne need for more ^studies 
on biologically mature persons as. well as broad based developmental 
studies and the need for investigators to include both sexes, to 
report and analyze the sex variable and to control for handedness, 
and history of handedness. 

Summary 

It would be difficult to find a research area more characterized 
by shoddy work, overgeneralization, hasty conclusions, and unsupported 
speculations. This is particularly unfortunate since biological 
factors In sex-related cognitive differences in a research area with 
considerable social risk to the female group* It is also unfortunate 
because the poor quality of the research introduces confusion and 
retards the evolution of intelligent, well grounded opinions on this 
subject* 

These observations themselves lead to some cogent questions. Why 
are researchers so willing to speculate about so little evidence? Are 
there any ways in which the quality of the work can be improved? Is 
there a need for guidelines for research in this area? Would researchers 
and editors benefit from a discussion of the technical, methodological, 
and value issues involved in this research? Does the fact that few 
women have positions of power and status in the academic/research 
comunity influence the questions asked and the answers obtained? 



The hypothesis of the greater variability of intelligence in 
males is not well supported, particularly in reaard to there being 
more exceedingly outstanding males. The imoortint factor here probably 
has more to do with the fact that genius and intenectual creativity 
are not only not parts of the female role, but positively contrain- 
dlcated. One wonders for example, if little ;1rls would even be 
permitted to spend hours and hours workinq on'mathematical problems, 
let alone be encouraged. In terms of practical implications for 
women, the studies indicate the meager opportunities afforded gifted 
women for the development and expression of their talent. Roberts 
(1945) is one who thought that there are indeed both more male de- 
fectives and male geniuses. He estimated that there is only onp 
female genius for every two male geniuses. Even within the scope 
of limitations for the female sex suggested by such a theoretical 
stance, one finds much room for female development. It is touching 
indeed to note the concern of men like Roberts and Terman for the 
Door lot of qlfted women. When the day arrives that even ■ s many as 
on third of the geniuses are female, one can know that enorriicus 
strides have been made In the status of women. In light of this fact, 
it would seem far more advisable to' direct research toward the discovery, 
development, acceptance, and expression of female talent than toward 
answering the evasive and methodologically slippery question of 
whether males show more variability in Intelligence than females. 



The gout hypothesis 1s unusual 1n that status and prestige have 
become attached to a disease st?,te. The metabolic bases of thinking, 
ambition and effectance motivation are fascinating research questions. 
EquaTly fascinating, are the questions of how attitudes, thoughts and 
emotions are translated into metabolic terms. Answers to these 
questions will not be quickly forthcoming. There is evidence that 
throughout much of the life cycle more males than females have high 
levels of serum urate acid. Whether this is a true effect or the 
product of uncontrolled factors such as activity level is not entirely 
certain. Whether sex-related differences in urate level is cause or 
effect of achievement-related, behaviors and whether this is relevant 
to any sex-related differences in ambition that may be documented is 
not at all clear, though it is an exceedingly Improbable source of 
significant variance. There is no evidence that serum uric acid level. 
In grossly normal ranges, is significantly correlated , with intelligence. 
It appears highly unlikely that research in this area "will Increase our 
understanding of female Intellectual development. 

Thus far no credible hypothesis has been formulated which relates 
hormonal sex differences and differences between the sexes In dognitlve 
patterning or In cognitive performance. The Broverman et al. (1968) 
theory Is clearly unsupported. Within grossly normal ranges, effects 
of "sex" hormone variation on women's intellectual functioning have 
not been found. There is no evidence that differences >n hormones-can - 
account for sex-related differences in cognitive patterning or 
performance. - There is no reliable evidence that the amount and/or 
kind of. prenatal, hormones especially masculin1z1.ng hormones, affect ' 
the organization of the human brain in terms of its cognitive functioning. 
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It is probabls that- girls and women would benefit from an increased 
undirstanding and acceptance of their bodily and hormonal functioning. 
This couid be a source of improved functioning for a subgroup of women 
whose knowledge and acceptance of bodily functioning continues to be 
affected by the cultural repression of the female body and sexuality 
characteristic of 19th century Anieri.can thinking (Smith-Rosenberg & 
Rosenberg, 1973)* Topics in this area might well be a fruitful area ■ 
for research^ curriculum'developmeiit and change within the educational 
■system. Earlier, continuous' and much more fiiorough education in bodily 
functioning specifically including hormonal changes, menstruation, 
pregnancy, chi Idbinth, menopause; and health related issues such as 
venereal disease, bladder infections, signs^ of pregnancy, diseases 
of'women, e.g. * breast cancer, needs. to be embeuded in thi educational 
curriculum. "Sexuality" has been introduced in recent years in the ^ 
school curriculum, but^ especi al ly for women tht teaching of s§xua1it>; 
.iSi not adequately situated in the overall content of bodily functioning. 
The introduction of these topics could also be made in such a way as to 
stimalate the interest of women 1n science and mathematics, e.g. use of 
graphs^ sample statistical concepts. 

The hypotheses of the recessive, X-linked inheritance of spatial 
and mathematical abilities are not CDnfirmed. There appears to be no 
further need for research in this area. 

Questions of the relationship of brain organization to effective 
intellectual functioning and to sex-related differences in cognition repre- 
sent a hotly pursued and rapidly changing area of knowledge. At this 
point it appears that there may be some relationship between the type 
and degree of brain lateralization, sex-related differences in cog- 
nition, and timing of maturation with two possible points of differ- 
entiation - preschool years and adolescence. The most reliable aspects 
of available data suggest the hypothesis that females, partly as a 
consequence of earlier maturation and partly as a consequence of cultural 
influences, develop a reliance on verbal, analytic, left hemisphere 
approaches to problem solving and tend to use this approach for tasks 
that males might solve using a spatial, gestalt, right hemisphere 
approach. 

Verification of this hypothesis, ruling out alternative hypotheses, 
understanding the role of timing, quantity and type of hormonal, 
maturational, experiential, and cQltural contributions to thes^e phenomena 
encompass an enormous range of research questions. If the hypothesis 
is correct, there are likewise a great number of questions raised. How 
can one train the right side of the brain? What are the difficulties 
and benefits of such training? Should the educational curriculum be' 
revised to include greater emphasis on such training? When should 
such training be introduced? Who can most benefit from such training? 
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RemediaU Therape utic versus Davelopmental Strategies 

Plans for renedial or conipensatory education for women, while 
well intended, place the emphasis on aeficit and may unwittingly 
contribute^to the idea that females are in 'some way defective and 
inferior. The therapeutic approach is evun worse In this regard. 
In this viewpoint wcmen are regarded as not pursuing mathematics 
because of emotional problems. It is uoubtful that emotiunal 
problems impede fenale developmen-t in mathematics any more than in 
male development. Girls and women are much more likely tc admit 
being distressed and to display distrass (Sherman, 1971). ^Casting 
research and programs into a developmental frame with an emphasis' 
on providing for maxifn^l development of all children 4n the context 
of special individual and group needs facilitates more health self 
concepts and group ronceDts. A broadly based developmental approach 
has much more prospect of preventing problems and providing lasting 
benefit than intervention programs that may prove to be only of 
cosmetic value. 

Theoreti'.al Backqrojnd^ 



The recommendations for research and development of educational 
technology stem from a set of understandings about the development of 
cognitive sex-related differences. This theory 1s by no means com- 
plete and the argunient and evidence to support it in detail cannot " 
be presented within the scope of this review though they have in 
part been pre?^^ncad ^iSewnerci (Sherman, 1SS7, 1971, 1974, 1976a, 
1976b; Fenema 4 Shermaru Note T, Note 2; Sherman & Fennema, 'Note 17). 
This theory is based on conclusions drawn from an overall under- 
standing of the research literature arid theory in the areas of cog- 
nitive deveTopment, psychology of woman, sex roles, as well as the 
specific area of the development of mathematical skills, 

, 'The differences between the sexes in intellectual functioning 
are minor and could not possibly account for the few numbers of women 
in mathematics and mathematics related fields. The extent and kind 
of biolog4cd'l factors that might be involved in creating these 
differences is a matter of scientific controversy as the preceding 
review attests. By far the most importanc biological factors may 
ultimately prove to be the larger size and physical strength of the 
adult male, and the differences between the sexes created by the 
reproductive and nurturing activities of females. These indisputable 
biological facrors have influenced sex-role training and expectations 
1n ways which wo ottn but dimly understand. 

The possible role of these blologica] factors in affecting 
sex role can be seen most clearly in the development of spatial skill which 
leads indirectly: to those activities we more commonly describe as 
mathematics. The association of female with the hearth, male with 
the out-of-doors is a persistent and pervasive generalization, 
extending from primitive societies to our own. Hunting has been a 
strong male domain* There are good biological reasons for this 
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nearly universal custom. Certainly a single woman away from home 
base^runs a greater risk of being raped and/or kidnapped' than a 
male'. This probl&m sttl lifDits the mobility of wornen^ Women prsg- 
nant or with small children could not traverse the distances nor 
cope with the hardships of being away from the home base so well 
as men. Ninety percent of sexually active females in the rsproductive 
ages, without birth control and not breast feeding, become pregnant 
each year. The reproductive function of women was very salient in 
earlier times and under more primitive conditions. Women^had many 
pregnancies, lost many babies and often died in .childbirth . Many 
fewer women survived the childbearing years. Menstruating women 
constituted a hazard and a handicap In a hunting party and would be 
at risk as a single hunter. Wild animals can smell blood at great 
distances. Most^of the persons recently killed by unprovoked bear 
attacks in the American Rocky Mountains have been menstruating women, . 

These biological factors, very salient in earlier times and under 
primitive conditions, have had much to do with the development of sex- 
role expectations. Majoi^ actiyities away from home base have been 
assigned to males though females have left the home to gather food 
and herbs and, in agricultural societies, to tend the fields; the_ 
division of labor has not been complete, but It has been substantial. 

The assignment of the major role in hunting and other activities 
involving the traverse of space to males has had profound implications 
for tfte development of sex-role socialization. All matter of acttvitles 
Involving aiming^ visualizing direction, estimating space, and symbo- 
lizing space and spatial relations (the essence of mathematics) has 
been an integral part^of male socialization experiences. Even the 
spatlaf task of disembedding, measured by such tests as the Embedded 
Figures Test or Hidden Figures, is not so remote from sex-role con- 
siderations as it might seem. The perception of an animal as distinct 
from Its surroundings 1s a classic task of v1suo-|pat1al disembedding, 
and one involving great skill and practice. Disembedding as well as 
aiming and finding one's way are essential to good hunting. Many 
activities sex-typed as male serve to develop spatial skill. These 
activities are represented in the toys and games given to children 
^and which they are encouraged to play with, directly and Indirect ly^ 
by their own knowledge of their future adult roles. Early differences 
in play activities are later supplemented by a host of other sociali- 
zation experiences including divergent channeling of the sexes into 
particular courses in scho&l, e.g., grafting. 

When relevant factors are controlled, differences -between the 
sexes in mathematics performance are minimal or nonexistent (Fennema 
& Sherman, Note 1, Note 2), However, when these factors arf not con- 
trolled, i.e., when "natural groups of males and females are compared, 
sharp sex discrepancies In mathematics performance have been found, 
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e.g., the National Assessment of Educational Progress (Mullis Note 18) 
fhis sex discrepancy is seen to stem fundamentallv from a pervasive ' 
network of sex-role influences. 

Implicati ons of the Theoretical Orientation 

The primary need is to place mathematics achievement within the 
scope of behaviors appropriate for girls and women and to provide 
through formal instruction those necessary learning experiences which 
= tor boys flow mostly from their informal exDeriences. Tie details of 
the impact behaviors that are performed or not performed in the school 
environment are certainly not entirely known, but-some intelligent guesses 
can be made about needed changes. : ycnt gueiisb 

Systems approach. To be effective any program must involve all 
the important systere affecting the learning of mathematics including 
parents, teachers and counselors. There is evidence that parents 
and teachers are important to math achievement, that their attitudes 
toward boys as learners of mathematics are perceived by students as 
more ravor able, and that these perceptions differentiate high school 

f ? °^ do not continue in mathematics (Fennema & 

bfierman. Note 2; Sherman & Fennema, Note 17- Sherman Note 19) 
Changes introduced will need to include congruent changes in behaviors 
or parents, teachers and counselors. 

The self system is intimately tied to sex=role infTuences. Con- 
fidence in doing mathematics is an important variable in mathematics 
achievement and the willingness to continue to study mathematics 
(tennema & Sherman, Note 2; Sherman & Fennema, Note 17). Confidence in 
doing mathematics may be enhanced by perception of its gender appro- 
priateness, and by perception of the gender appropriateness of being 
fJ" gsneral. Any program or Instituted changes will need to 
monitor the math confidence of girls and women to insure that the 
introduced changes are having the desired effect. 

One aspect of the development of a self system perceiving mathe- 
matics as congruent with the female gender is exposure to successful 
models, for example, through female teachers ^skilled in math and science 
especially -at advanced levels of training. Modeling can also be facili-' 
tated by materials about women who have achieved in the math/science 
areas. Modeling of only slightly older peers who model successful 
coping might prove especially effective. Male teachers and counselors 
have a role to play in letting girls and women feel that they accept 
encourage and enjoy intellectual development, competence and mathe-' 
matics achievement in girls and women. 

only does each relevant system need explicit attention, but 
these different systems need attention extending over the entire 
educational time span. While important intellectual developmente occur 
m the preschool years, there is a need>for greater attention to the 
school years and later, including transition from school to work or 
other activities (Sherman & Denmark, in press) 
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The greatest research need, however, is for broad based, pro= 
gramatic, developmental reseF^ch, which can provide the knowledge 
base for maximal development of cognitive functioning In the female 
sex. Most of our knowledge has been based on male subjects and the 
history of educational experience has probably been unwittingly aimed 
toward the maximal development of males. It is doubtful that any- 
thing less than such a broad based approach will provide the necessary^ 
knowledge. 



Recommendations- 



A major purpose of this review has been to generate recoiTinendatlG.is 
for research and development of educational technology to Improve the 
quality of mathematics achievement in women and to Increase their par- 
ticipation in activities, courses and ultimately in jobs and careers 
that involve mathematics or require considerable mathematical knowledge. 

Two Caveats 

Jn some instances the need for mastery of advanced mathematics is 
spurious. Required mastery of mathematics not necessary to the per- 
formance of the job serves wittingly or unwittingly to exclude many 
women (and minority persons). Examples of this sort might be entrance 
-exams for law school and medical school, Thesff exams often contain 
questions Involving advanced mathematics, yet advanced mathematics 
Is not used in -the daily work of most physicians and lawyers. Changing 
entrance tests and curriculum which require mastery of mathematics not 
necessary for job performance is a controversial step open" to the 
criticism of lowering standards. Nonetheless, these questions should 
be considered and objectively evaluated. 

Jobs which Involve use of advanced mathematics (e^g,, knowledge 
of differential equations) are not very common. For this reason, it 
would seem best to emphasize development of fundamental mathematical 
knowledge 1n a greater number of girls and women and to a lesser degree, 
to focus directly on increasing knowledge of very advanced mathematics 
In women. Because of the. tendency for women to be nearly excluded 
from the very high status jobs, however, it is probably unwise to 
neglect this aspect entirely. 



^ Thanks are due to Professor K, U, Smith for his critical 
evaluation of this paper, particularly th e Recommendations section . 
The proposal for a broad-based economics curriculum is derived from 
his work and ideas, 
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Destareotyplnq^ of mathematics . The preceding discussion has 
outlined some of the systems and variables involved, but the main 
problem of how to destereotype mathematics and how to provide ^ In 
the fornial curriculum, , for those sxpsriences which boys normal Ty 
acquire informally has not been touched upon. The latter involves 
mainly spatial skills, but the recent availability of hand calculators' 
and small computer: may prove another source' of sex discrepancy. These 
tools of mathematics appear to be finding their way increasinglv to ^ 
males more than females* ^ " ^ 

A main thrust will need to be the development of curriculum of 
fundamental usefulness and inherently less stereotyped. The essential 
matter 1s to produce .material involv.ing mathematics in areas of strono 
female Interest. To some extent this can be done by much stronger 
scientific and mathematical involvement in courses such as health and in 
new courses and modules involving female bodily functioning through 
the life cycle and child rare. More intensive curriculum development 
ln these areas would not only facilitate concomnant interest 1n mathe- 
matics, but would have broad social importance and application to 
health development for all Americans. 

An area of curriculum development which lends itself more 
naturally to mathematics is economics. Knowledge in this area would 
be appealing to women and the curriculum developed would have major 
importance for other groups as well. A broad based program of grade 
school, middle school, high school "and university training in money, 
financial and economic processes is proposed. At every grade level, 
courses would be developed, based on practical projects in money ex- 
change: personal buying and selling; use of processing of checks, 
money order, credit cards; methods. of saving; allowances; taxes and 
income taxes; wages and salaries; hospital, accident and home insurance; 
buying and selling homes; real estate; annuities; Investments 1n stocks 
and bonds; business financial operations; home budgeting; filling out 
income tax forms. Quantitative and mathematical methods could be taught 
In each of these courses. These courses would also be used to intro- 
duce the new mathematical tools of calculators and small computers. 
Use of material and courses with greater female interest will hefp 
improve the perceived usefulness of mathematics which has been demon- 
strated to be an Important variable (Fenema & Sherman, Note 2; Sher^man 
& Fennema, Note 17). ^ 

Spatial training . Even though girls are now permitted to take 
courses such as drafting that were previously closed to them and even 
though there is now a tendency to enroll both boys and girls in in- 
dustrial arts classes before the high school level, there remain in- 
formal discrepancies between boys and girls in their spatial training 
and in formal courses at the high school and college levels. It is 
difficult to know the whole range of informal activities tnaf could 
^be relevant to the development of .spatial skills though the list in- 
cludes blocks, construction k1ts,\model building, direction finding, 
chess, and sports. Some awarenessl of the broader educational impli- 
cations of these activities would be helpful and they could be pro- 
moted for girls. ■ ^ . 
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More spatial and graphic exercises need to be. introducted into 
the formal tratning i^^ mathematics and ^there is a need to develop 
a programieds largely self-adniinistered, spatial training package, 
ThM^ailability of this package would provide a tool for teachers 
wishing to Improve the sktll of any one student. Such a package 
will be useful^ for many students. 

While it 1s possible to proceed with such a kit on the basis 
of present knowledge, there is a great deal that 1s not known about 
development of spatial visualization especially in females. Two of 
the most acute questions are when to introduce such training and 
what sort it should be. 

At the present time the literature on sex-related differences 
in spatial development is puzzling since, there is some esridence that 
in the preschool years girls perform better than boys on spatial task 
(Coates^ 1974); however boys have been found to establish dominance 
of the right hemisphere for spatial tasks earlier than girls (Rudel 
et al,.'1974; Witelson, 1976). If males have earlier right hemisphere 
dor^inance.for spatial task and spatial function is a right hemisphere 
task, one would not expect girls to do bjetter than boys. If these 
findings are replicated and valid, one possible resolution might be 
that girls achieve better earlier using the left hemisphere while 
later boys are able to do better using the right hemisphere. If 
this hypothesis Is valid it may be that not only spatial training 
for gl^ls is needed tiut right hemisphere spatial training. 

Esprit de corps. Math»science clubs sponsored by the schools or 
by prtvate organizations could prove a useful device for promoting 
interests creative fun with math-science activities^ and a firmer 
sense of the appropriateness of these activities. Open discussion 
of sex role issues co.uld occur more easily in such a setting and 
provide a mode for the development of leadp^ship and team skills 
In an atmosphere normatively designed to allow girls to feel good 
about participation In mathematics and science. Leadership and 
programiilng of such clubs would need to be well thought out. The 
ratio of girls and boys would need to be efual or weighted in favor 
of girls, or even entirely female. 

The strategies discussed cover all of the Important variables 
found to be in.volved in creating sex-r#lated differences in mathe- 
matics achievement: spatial visualization^ stereot^lng of mathe- 
matics as a male domain; perceived attitudes of parents, teachers; 
confidence 1n one's ability to do mathematlgs an4 perceived useful- 
ness of mathematics. Not directly dealt with/has Bien fear of 
success 1n mathematics. This variable was captured In our research 
and appears to be relevant, but it showed socio-economic variations 
and did not correlate very highly with mathematics achievement. 
Presumably destereotypl^g wi 1 1 eliminate negative factors from this 
source as well. 
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Research and Developnient Needs 

The fonowing list sets out Iq brief form a summary of research 
^and dsvelopinent in the ar&a of developing fefpale mathematical skill 
' and participation. Emphasis was placed particularly on projects 

with nation-wide possibilities and projects that would not only 

benefit women , bu others as well,\ 

Research 

Increased understanding of the development of spatial visualization ^ 
in girls and the role of the tm hemispheres of the brain. 

Improved uriderstanding of the factor.! allowing girls and women to 
pursue math-science courses and job plans successfully. 

Development 

Techniques and materials for use in reducing sex-stereotyping behaviors 
In teachers 

Techniques and materials for use in reducing sex-stereotyping behaviors 
in cmmselors - ^ 

Materials for distribution to parents that will help facilitate their 
encouragement of girls in mathematics 

Materials demonstrating successful coping of young women in mathe^ 
matlcs and math-related fields 

Self-instructional prognOTmed packages for increasing spatial visuall-' 
zation skill, including a high school and colTsie levels 

Texts with mathematical problems , examples and materials more'' 
oriented to women % 

New course content oriented around female bodily functiDning and in- 
corporating materials to stimulate interest in mathematics 
and science ' / " - 

New courses teaching economics with special design to develop girls* 
mathematics 

Math-science clubs designed especiany to promote development in a 
^supportive^ destereotyped atmosphere/ 
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